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Engineers who specify Collins have the best interest of 
their station at heart. We call it Smart Engineering. 


Above are some of the stations which are using trans¬ 
mitters of the 300F basic design. Hundreds of thousands 
of hours of reliable service on the air have proved the good 
judgment of the men who SPECIFY COLLINS. 


In Collins Broadcast Transmitters? Yes, because they are 
built to the most exacting standards. 


But more particularly, we are thinking of the smart 
engineering judgment of station engineers who specify 
Collins equipment. 


These men know that Collins high quality leaves nothing 
to be desired in the way of fidelity and reliability. They 
know, too, that Collins Equipment will perform better for 
the advertiser and for the listener. 


Smart 

Engineering 

















































BY THE WORLD’S OLDEST AND LARGEST 
EXCLUSIVE MANUFACTURER OF 


CORNriL-DUa^ 


ANALYZER AND DECADES 


Now io copadtor te$i instruments Cpmell-Dubilfer bniigs the 
experience qnd pnedsion engineering that has long distingaished 
the world's most complete line of capqcitors. Revolutionary in 
dedgn, I'riiultrpie in purpose^ thoroughly squrid in prmdple^ this 
new lirte opens broad pvenues of.appilcatlon to the engineer, 
Iqboraibry teohmcidn, amoteuf and serviceman, 

Th^ Capacitor Andlyacor Model BF50 will ^curotely measure 
all im^portonf Gharactenstics of pdpfer, niico, oil and wet and 
dry electrolytics, mcSuding A>C* mptdr starting types. The 
Analyxer consists essentiqlly of a Wien Bridge connected to a 
single stage of arnpSification yhfeh operates a '‘visudUeye" de¬ 
tector A buiit-in power supply provides 450 V. D, for leditage 
ond insulation resistance mods a re merits* The G-D Capacitor 
Analyzer is the only instrument avdilable that provides q cem- 
fdete test for cli capacitors, with omplifier for sensstivity, easy 
reading linear scales, push'button switches.^ ddiustablo D* C* 
voltage Ripply, Supplied io attractive walnut case with remov¬ 
able hf hoed cover. Complete, less tubes, list $41.50, 


The C-D Midget Capacitor 
Bridge is the most compact and 
useful instrument of its type, 
ever offered the radio industry. 
It will accurately measure ca¬ 
pacity between .00001 and 50 
mfd. of paper, mica, oil, electro¬ 
lytic and air capacitors. Checks 
opens, shorts, high and low 
capacity. Employs Wien Bridge 
circuit for all measurements. 
Scales all direct reading in 
microfarads. Supplied in attrac¬ 
tive Bakelite Case 3%" x 5" x 
3". List, less tubes, $16.50. 


Complete, less tubes, list $41.50. 

The Cbpocltor Decades ore gvaiigble in three units, offenng d 
total capacity rdrige pf .000 j to' l\A mfd. These Depaclfs are 
ideally : suited for eKperimen^r circuits, filter design, bridge 
medsuFements, etc*, and can be used continuously on 220 
V. A:^ C. or 600 :V. df C; pircuits, C-D Decades are supplied in 
hondsoma. cornpletely insulated Bakelfte cases, x 5 'Vx 3 ’\ 

Model GDA' 5 ^ .01 I mfd. In .0001 mfd. steps, list $$. 0 Q. Model, 

CDB^B. I;l mfd-in .01 avfd. steps; li|b$9.00. Model CPG-5, H. 1 Jcornel^ 
mld/in !; mfd. steps/lr$t $ 16*00. The above models are accurate “south 
within 5%.|Special 3% units available at slightly higher costi ii**'®**** 
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•Editorial 

Comment* 

B eginning this month, conventions seem to be in 
order. Since these events will cover nearly every 
phase of radio, we list them briefly here. 

From June 13 through 17, the Fifteenth Annual 
RMA Convention and the National Radio Parts Trade 
Show will be held at the Stevens Hotel in Chicago. 
Considerable interest is being evidenced in these 
gatherings which are likely to set a new record in 
attendance. 

Next in line is the Pacific Coast Annual Meeting 
of the Institute of Aeronautical Sciences. This meet¬ 
ing is scheduled for June 15, 16, and 17, the place 
being the California Institute of Technology at Pasa¬ 
dena, California. 

Also on the Pacific Coast is the Convention of the 
Institute of Radio Engineers to be held at San Fran¬ 
cisco, California, on June 27, 28, 29 and 30. The 
program of this meeting will be found elsewhere in 
this issue. 

Last but far from least is the Annual Convention of 
the National Association of Broadcasters. This gath¬ 
ering takes place at the Hotel Ambassador, Atlantic 
City, N. J., from July 10 through 13, This meeting 
promises to be of particular significance. Further de¬ 
tails will be published at a later date. 

T he FCt's Television Committee has made its first 
report to the Commission. This lengthy document 
deals with the standards proposed sometime ago by 
the RMA. 

Briefly, the Committee recommended that the Fed¬ 
eral Communications Commission neither approve nor 
disapprove the RMA standards, since the Committee 
felt that such action might discourage private enter¬ 
prise or decrease the incentive for undertaking re¬ 
search. It was also suggested that the proposed 
standards did not appear suitable for the undeveloped 
higher frequency channels. 

Another suggestion of the Television Committee 
was that the FCC adopt a policy of cooperation with 
the industry as a whole and that It immediately 
arrange a procedure by which it can keep abreast of 
current developments in television. 

Copyright 1989, Bryan 
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Impedance Measurements 

On Broadcast Antennas 

Part I 

By DONALD B. SINCLAIR 

GENERAL RADIO CO. 


1. INTRODUCTION 

HE fundamental problem in which 
the broadcast engineer is interested 
is the production of maximum useful 
power output with minimum power 
input, a problem which involves not only 
over-all station efficiency but also an¬ 
tenna characteristics. 

The antenna must, first, accept the 
available transmitter power; it must, 
second, radiate the power; and it must, 
third, radiate it where it is wanted. The 
first characteristic requires correct tun¬ 
ing of the antenna and associated feed¬ 
ing and matching circuits. The second 
and third characteristics require proper 
antenna design. 

The ultimate test of a broadcast an¬ 
tenna comes from the field strength sur¬ 
vey, which measures the final product, 
namely the received signal. A com¬ 
plete three-dimensional field-strength 
survey, which includes not only meas¬ 
urements of coverage but also of vertical 
directivity, theoretically yields both total 
radiated power and spatial distribution. 
The labor of obtaining the total radiated 
power by this method, however, is very 
great, and the cost of the necessary 
measurements is prohibitive. 

In most well-designed broadcast an¬ 
tennas the difference between the power 
supplied to the antenna and that actually 
radiated is not great. It is therefore 



This paper was presented 
before the Second Annual 
Broadcast Engineering Con¬ 
ference which was held at 
the Ohio State University, 
Columbus, Ohio, from Feb¬ 
ruary 6 through 17, 1939. 


common practice to ^ use field-strength 
surveys mainly to determine coverage 
and to rely on power measurements at 
antenna to indicate radiated power. 

The directivity of a simple antenna is 
largely a function of its geometry and 
of the neighboring terrain. That of an 
array depends, in addition, upon the 
relative magnitudes and phases of the 
currents in the array elements. Provided 



the currents are properly maintained, the 
directive pattern changes only slightly 
with time. Once the proper directional 
characteristics of an array have been 
established by means of field-strength 


measurements, the radiating system can 
be maintained in proper adjustment 
by maintaining correct power input to 
the antenna and correct phase relations 
between the currents. Measurements 
on the antenna, rather than measure¬ 
ments on the field, are therefore as use¬ 
ful for arrays as for simple antennas 
and are even more desirable because of 
the speed, convenience and accuracy 
with which they can be made. For the 
same reasons they are of great im¬ 
portance in the lining up and testing of 
new radiating systems. 

The major emphasis in measurements 
on antennas is laid upon power meas¬ 
urements. Since no entirely satisfac¬ 
tory method of measuring power di¬ 
rectly at radio frequencies has yet been 
devised, power is ordinarily deduced 
from measurements or resistance and of 
current. The quantities that must be 
measured in order to adjust and main¬ 
tain a radiating system are, therefore: 
(1) Impedance: (a) Resistance, (b) 
Reactance; (2) Current: (a) Magni¬ 
tude, (b) Phase. 

The problem of impedance measure¬ 
ment has received considerable atten¬ 
tion, and rtiany specific solutions have 
been evolved. It is the purpose of this 
article to attempt to collect the various 
methods in one place and to correlate 
them to provide a general solution. 
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II. METHODS OF MEASURING IMPED¬ 
ANCE AT RADIO FREQUENCIES 

Classification 

Two general classes of measurement 
methods are commonly used at radio 
frequencies, namely resonance methods 
-and null methods. These methods are 
similar, insofar as they measure an un¬ 
known impedance by comparison with 
a known impedance, but they differ 
fundamentally in the means of indica¬ 
tion. Resonance methods in general de¬ 
pend upon tuning resonant circuits to a 
voltage or current maximum while null 
methods, as the name implies, depend 
upon balancing to a voltage or current 
null. 

Various specific types of measuring 
methods have been developed under the 
two general classifications. The major 
point of difference between these meth¬ 
ods is found in the manner of determin¬ 
ing the resistive component. Some of 
the most common methods are collected 
in the following tabulation; 

I. Resonance Methods; 

(1) Series-Resonance Methods : (a) 


cuits. The basic circuit used is shown 
in Fig. 1. 

Substituhon Method 

Of the three common series-resonance 
methods, the most straight-forward is 
the substitution method. The elementary 
procedure is simple. First, the unknown 
impedance is connected in series with 
the series-tuned circuit and the circuit 
tuned to resonance. Next, the unknown 
impedance is removed from circuit and 
replaced by a continuously adjustable 
non-reactive resistor. Finally, the cir¬ 
cuit is re-tuned to resonance and the re¬ 
sistor varied until the original value of 
current is restored. The reactance of 
the unknown is equal to the change in 
the condenser reactance between the two 
measurements, and the resistance of the 
unknown is equal to the setting of the 
standard resistor. 

Resistance-Variation M ethod 

The resistance-variation, or added- 
resistance, method is less direct than the 
simple substitution method but has the 


From the inverse relationship between 
current and resistance the circuit resis¬ 
tance can be deduced. 

The same procedure is now repeated 
with the unknown impedance included 
as part of the series tuned circuit. The 
difference between the two values of 
circuit resistance, the one for the circuit 
alone and the other for the circuit plus 
the unknown, is equal to the resistance 
of the unknown, while the difference 
between the two values of condenser re¬ 
actance necessary to maintain resonance 
is equal to the reactance of the un¬ 
known. 

Reactance-Variation Method 

The reaxtance-variation method does 
not require a resistance standard at all. 
The circuit resistance is deduced, in¬ 
stead, from the breadth of the resonance 
curve. 

The procedure, when measuring an 
unknown impedance, is similar to that 



Substitution, (b) Resistance-Variation, 
(c) Reactance-Variation. 

(2) Parallel-Resonance Methods: 

(a) Substitution, (b) Conductance- 
Variation, (c) Susceptance-Variation. 

(3) Voltmeter-Ammeter Methods: 

(a) Resonant-Rise Method. 

II. Null Methods: 

(2) Bridge Methods: (a) Impe¬ 

dance Bridge, (b) Schering Bridge. 

(2) Double-T Methods. 

Series-Resonance Methods 

General Features 

The series-resonance methods depend 
upon the measurement of currents in 
series-resonant tuned circuits. They are 
best adapted for the measurement of low 
impedances because they are primarily 
methods for determining the series re¬ 
sistances of series-resonant tuned cir¬ 


advantage that it does not require a 
continuously adjustable standard re¬ 
sistor. For this method the mutual in¬ 
ductance coupling. Me, is made so small 
that tuning the measuring circuit causes 
no appreciable reaction on the frequency 
or amplitude of the current, F, in the 
high-frequency power source tuned cir¬ 
cuit. The voltage, jwMcIo, induced in 
the measuring circuit, is therefore 
practically constant, independent of 
changes in the series impedance of the 
measuring circuit, and the resonant cur¬ 
rent, I, in the measuring circuit is in¬ 
versely proportional to the series re¬ 
sistance. 

The procedure when measuring an 
unknown impedance is as follows. First, 
the output of the high-frequency power 
source is adjusted until the resonant 
current in the measuring circuit is 
nearly full-scale on the meter. Next, a 
non-reactive resistor is placed in series 
with the measuring circuit and the cor¬ 
responding resonant current noted. 


followed with the resistance-variation 
method. The coupling mutual induc¬ 
tance, Me, is first made so small that 
variations of the measuring circuit im¬ 
pedance do not appreciably affect the 
power source. A resonance curve of 
current as a function of capacitance is 
then taken. With the unknown impe¬ 
dance connected in series, a second 
resonance curve is taken. From each 
resonance curve the corresponding 
series resistance of the tuned circuit 
can be deduced. As before, the differ¬ 
ence between the two measured resis¬ 
tances is necessarily equal to the resis¬ 
tance of the unknown and the difference 
between the two values of resonant con¬ 
denser reactance is equal to the reac¬ 
tance of the unknown. 

Para!lei-Resonance Methods 

General FeaHires 

The parallel-resonance methods de¬ 
pend upon the measurement of voltages 
across parallel-resonant tuned circuits. 
They are best adapted for the measure¬ 
ment of high impedances because they 
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are primarily methods for determining 
the parallel conductances of parallel- 
resonant circuits. The basic circuit used 
is shown in Fig. 2. 

Substitution Method 

As in the case of the series-resonance 
methods, the most straightforward of 
the three common parallel-resonance 
methods is the substitution method. 
The elementary procedure is essentially 
the same. First, the unknown imped¬ 
ance is connected in parallel with the 
parallel-tuned circuit and the circuit 
tuned to resonance. Next, the unknown 
impedance is removed from circuit and 


full-scale on the meter. , Next, a non¬ 
reactive resistor is placed in parallel 
with the measuring circuit and the cor¬ 
responding resonant voltage noted. 
From the inverse relationship between 
voltage and conductance the circuit con¬ 
ductance can be deduced. 

The same procedure is repeated with 
the unknown impedance included as part 
of the parallel tuned circuit. The dif¬ 
ference between the two Values of cir¬ 
cuit conductance, the one for the circuit 
alone and the other for the circuit plus 


class of resonance methods involves the 
measurement of currents or voltages in 
more than one branch. One particular 
circuit that falls into this category has 
been exploited commercially under the 
name Q-Meter. The elementary circuit 
is shown in Fig. 3. 

The resistance, R, in this circuit is 
made so small that variations in the tun¬ 
ing of the measuring circuit do not 


the unknown, is equal to the susceptance 
of the unknown. 

Siisceptance-Variation Method 

The susceptance-variation method, 
like the reactance-variation method, 
does not require a resistance standard 
at all. The circuit conductance is de¬ 
duced, instead, from the breadth of the 
resonance curve. 

The procedure, when measuring an 
unknown impedance, is similar to that 
followed with the conductance-variation 
method. The coupling capacitance, Cc, 
is first made so small that variations 
of the measuring circuit admittance do 
not appreciably affect the power source. 
A resonance curve of voltage as a func¬ 
tion of capacitance is then taken. With 
the unknown impedance connected in 
parallel, a second resonance curve is 
taken. From each resonance curve the 
corresponding parallel conductance of 
the circuit can be deduced. As before, 
the difference between the two measured 
conductances is necessarily equal to the 
conductance of the unknown, and the 
difference between the two values of 
resonant condenser susceptance is equal 
to the susceptance of the unknown. 

Voltmeter-Ammeter Methods 

Resonant-Rise Method 

The simple resonance methods that 
have been discussed so far involve the 
measurement of current or voltage in a 
single branch of a circuit. Another 


cause appreciable variations in the volt¬ 
age developed across it by the source 
current, I. When the measuring circuit 
is tuned to series resonance with an un¬ 
known coil. Lx, connected as shown, the 
ratio of the voltage, V, across the con¬ 
denser to the input voltage, IR, is equal 
to the ratio of the condenser reactance 
to the effective series resistance around 
the measuring circuit. If the losses 
in the condenser, C, and the voltmeter, 
V, are made negligibly small compared 
with those in the unknown coil, Lx, the 
voltage ratio becomes equal to the stor¬ 
age factor, Q, of the unknown coil. 
Provided the source current, I, is main¬ 
tained at a fixed predetermined value, 
the voltmeter, V, can be calibrated to 
read values of Q directly. The reac¬ 
tance of the unknown coil, Lx, is equal 
and opposite to that of the condenser, 
C, and can be easily found from the 
dial reading. 

In order to measure arbitrary un¬ 
known impedances with this circuit, two 
measurements must be made, as with 
the other resonance methods, one with 
the unknown in circuit and one with it 
out of circuit. 

Bridge Methods 

Impedance Bridge 

Probably the simplest form of null 
method that can be used is the equal- 
arm impedance bridge. The elementary 
circuit is shown in Fig. 4. 

Balance, in this bridge, necessarily 
occurs when the impedances in the 
lower left-hand and right-hand arms 
are equal. At balance the resistance of 
the unknown impedance is equal to that 


Cond^l■clanee-Variation Method 


The conductance-variation method is 
less direct than the substitution method 
but has the same advantage as has the 
resistance-variation method, namely 
that it does not require a continuously 
adjustable standard resistor. For this 
method, the capacitive coupling, Cc, is 
made so small that tuning the measur¬ 
ing circuit causes no appreciable reac¬ 
tion on the frequency or amplitude of 
the current, I. The resonant voltage, 
V, developed across the measuring cir¬ 
cuit is then inversely proportional to 
the effective parallel conductance. 

The procedure when measuring an 
unknown impedance by means of the 
conductance-variation method is as fol¬ 
lows. First, the output of the high- 
frequency power source is adjusted 
until the resonant voltage developed ac- 
cross the measuring circuit is nearly 


replaced by a continuously adjustable 
non-reactive resistor. Finally, the cir- 
suit is retuned to resonance and the re¬ 
sistor is varied until the original value 
of voltage is restored. The susceptance 
of the unknown is equal to the change 
in the condenser susceptance between 
the two measurements, and the conduc¬ 
tance of the unknown is equal to the 
reciprocal of the setting of the standard 
resistor. 
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of the continuously adjustable resistor, 
R, while the reactance of the unknown 
impedance is equal to that of the vari¬ 
able condenser, C. 

This bridge can easily be arranged 
for substitution measurements. A suit¬ 
able impedance is first connected in the 
lower right-hand bridge arm and the 
bridge is balanced. The unknown im¬ 
pedance is then placed in series with the 
lower left-hand bridge arm, and the 
bridge rebalanced with the resistor, R, 
and condenser, C. The changes in set¬ 
tings of these standards are measures of 
the resistive and reactive components of 
the unknown impedance, 

Schering Bridge 

The Schering bridge differs from the 
ordinary impedance bridge in the man¬ 
ner of determining the resistive com¬ 
ponent. The basic circuit is shown in 
Fig. 5. 

For this bridge, balance occurs when 
the reactance of the standard condenser, 
C, is equal to the unknown reactance 
and when the storage factor, Q, of the 
left-hand upper ratio arm is equal to 
the dissipation factor, D^, of the un¬ 
known impedance. The Schering bridge 
has the advantage that it does not re¬ 
quire a continuously adjustable resistor 
but has a compensating disadvantage for 
resistance measurements in the fact that 
it reads dissipation factor, rather than 
resistance. 

Doitble-T Methods 

Double-T null circuits have not yet 
received as much attention as the better- 
known bridge circuits for measuring 
purposes but will probably be more 
widely exploited in the future. The 
basic circuit is illustrated in Fig. 6. 

The balance conditions for this cir¬ 
cuit were discussed by Dr. W. N. Tut¬ 
tle of the General Radio Company in 


can be made direct-reading in these 
quantities. 

III. SOURCES OF ERROR IN IMPEDANCE 
MEASUREMENTS 

Standard Impedances 

General 

In the preceding discussion of meth¬ 
ods of measurement is was tacitly as¬ 
sumed that the various component cir¬ 
cuit elements were perfect and that the 
wiring impedances were negligible. Un¬ 
fortunately, neither of these assumptions 
is true. In fact the magnitudes of un¬ 
wanted residual parameters in the stand¬ 
ards and in the wiring usually determine 
the accuracy and range of measurements 
that can be made with any given circuit. 

Residual parameters in the impedance 
standards used are particularly im¬ 
portant, They arise because it is physi¬ 
cally impossible to fabricate a circuit 
element that has but one of the three 
circuit parameters—inductance, resis¬ 
tance and capacitance. Reactance stand¬ 
ards inevitably contain residual resis¬ 
tance components, and resistance stand¬ 
ards contain residual reactance com¬ 
ponents. 

Not only do unwanted residual para¬ 
meters occur, but the magnitudes of 
both the main and residual parameters 
change with frequency because of cur¬ 
rent redistribution, or skin-effect. The 
choice of a suitable standard for use at 
high frequencies must take into account 
all these factors. 

Variable Condenser 

The variable condenser has been 
found, in general, the best reactance 
standard at radio frequencies. The 
residual inductance and resistance are 
very small compared with the capaci¬ 
tance, and skin-effect has practically no 
effect upon the capacitance. 

An approximate equivalent circuit for 
the variable condenser, which shows the 
residual parameters, is given in Fig. 7, 

The conductance, G, represents loss 
in the dielectric statorstack supports; 



a paper delivered at the Annual Meet¬ 
ing of the Institute of Radio Engineers 
in June, 1938. They can be satisfied 
with independent adjustments of re¬ 
sistive and reactive components, and cir¬ 
cuits can consequently be devised which 


the resistance, R, represents loss in 
the metal structure; and the inductance, 
L, corresponds +o magnetic flux set up 
by conduction currents in the metal 
structure. 

For the General Radio Type 722-N 
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RADIO- FREIQUEINCY BRIDGE CIRCUIT 


precision condenser, which has been 
especially designed for high-frequency 
service, the orders of magnitude of 
these parameters, at a frequency of 1,000 
kc are as follows: 

L = 0,024 microhenry 
R = 0.008 ohm 

G = 0.3 micromho 3 (megohms) 

These residuals are so small that at 
broadcast frequencies they do not cause 
appreciable errors. 

Resistors 

The problem of obtaining a resistance 
standard at radio frequencies is not as 
easily solved as is the problem of ob¬ 
taining a reactance standard. Fixed 
resistors can be made that have reason¬ 
ably small residual parameters and skin- 
effect, and that can be used over a wide 
frequency range. When these fixed re¬ 
sistors are connected into a switching 
assembly, in order to form a decade re¬ 
sistor, however, the residuals become 
important, and the upper limit of the 
frequency range is greatly reduced. 

The effects of the residual parameters 
depend upon the frequency and the value 
of the resistance. A simple equivalent 
circuit for a resistor having residual 
inductance and capacitance is shown in 
Fig. 8. 

The residual parameters not only 
cause a reactive component to appear in 
the impedance but also cause the re¬ 
sistive component to vary. For in¬ 
stance, if the resistance, R, is high, the 
residual capacitance, C, causes the resis¬ 
tive component to decrease with fre¬ 
quency because of the shunting action. 
If the resistance, R, is low, the residual 
capacitance, C, and inductance, L, 
resonate and the resistive component 
rises as the resonant frequency is ap¬ 
proached. 

For the range of resistance values 
normally used in broadcast antenna 
measurements, namely 0—100 ohms, the 
variation in the resistive component 
caused by residual parameters is ordi- 



























narily small, and the more important 
item is the variation in inductive re¬ 
actance. As was previously mentioned, 
the residual inductance can not be made 
negligible. The next best thing is to 
make it constant. 

The General Radio Type 670 compen¬ 
sated decade resistor was designed to 
satisfy this requirement. The method 
used is to switch into circuit compensat¬ 
ing copper coils when resistance cards 
are switched out and vice versa. By 
careful matching of inductances the 
over-all inductance of the box is main¬ 
tained constant within 0.05 microhenrys. 

A small variation of resistance with 
frequency occurs in the broadcast band 
because of this construction. At the 
zero setting of the box, the entire re¬ 
sistance is in the copper compensating 
coils and wiring. At d-c this resistance 
is very small, of the order of 0.05 ohms. 
It rises relatively rapidly with fre¬ 
quency, however, because of skin- 
effect. The resistance of the box at 
maximum setting occurs almost entirely 
in the resistance cards since the com¬ 
pensating coils are cut out of circuit. 
Skin-effect in these cards is very small, 
and the maximum resistance conse¬ 
quently remains nearly constant. As the 
frequency rises, the zero resistance 
therefore tends to approach the maxi¬ 
mum resistance. The resultant decrease 
in incremental resistance gives rise to 
an apparent negative skin-effect for 
changes of resistance as read from the 
dials, which amounts to approximately 

— 0.8% for the units decade and 

— 0.6% for the tens decade at 1 me. 

Circuits 

General 

Errors occur not only in the standard 
impedances with which the unknown 
impedances are compared, but also in 
the circuits used to effect the compari¬ 
sons. These errors can arise from many 
causes, such as residual parameters in 
the wiring, deviations in practical set¬ 
ups from the theoretical assumptions, 
and lack of precision in making read¬ 
ings. While similar in general, the 
errors that arise in the several types 
of measuring methods are markedly dif¬ 



ferent in particular and are best treated 
individually in connection with each 
specific method.' 

Series-Resonance Methods 

The series-resonance methods have 


The true reactance difference is 


10 ^ 

AX =- 

Ci) 


( 


1 

260 


1 

310 


) 



two important sources of error. 

1. Residual parameters in wiring, 

2. Close coupling to the high- 
frequency power source. 

The first of these sources arises princi¬ 
pally because of undesired residual ca¬ 
pacitances. The second arises because 
of a discrepancy between practical set¬ 
ups and the usual simple theory. To il¬ 
lustrate the nature of the errors, the 
resistance-variation method serves as an 
excellent example. 

A commonly used circuit is given in 
Fig. 9. 

Two residual parameters are shown, 
namely the capacitances Ci and Cg. 
These are by no means all, nor neces¬ 
sarily the most important ones that oc¬ 
cur, but they are typical of those found 
in series-resonant methods. 

The capacitance, Ci, feeds energy 
from the power source into the measur¬ 
ing circuit in a manner not considered 
in the simple theory. The current 
through Cl splits in the measuring cir¬ 
cuit, unequal parts returning to ground 
through the coil and ammeter and 
through the resistor and condenser. 
The current in the measuring circuit is 
consequently not everywhere the same, 
and error occurs if the simple theory is 
applied. A grounded electrostatic shield 
is often interposed between the power 
source and the measuring circuit to 
avoid errors arising from this cause. 

The capacitance, C 2 , shunts the stand¬ 
ard condenser, C, and causes error in 
the determination of reactance. A con¬ 
crete example shows the nature of this 
error. 

Suppose that C 2 = 10 mmfd and that 
the two settings of the standard con¬ 
denser with the unknown impedance, 
■3-x, in and out of circuit are 300 mmfd 
and 250 mmfd. The reactance differ¬ 
ence, as read from the condenser dial, is 



10^^ 50 

= —- X- ohms. 

o> 75,000 


10^ 50 

= -X —-- ohms. 

o> 80,600 

and the error caused by neglecting Ca 
is about 7%. 

The effect of close coupling can be 
easily analyzed if the coupling does not 
affect the source frequency appreciably 
and if the source output impedance is es¬ 
sentially linear. By Thevenin's theorem, 
that part of the circuit which lies to the 
left of the section A-A in Fig. 9 can 
be replaced by an equivalent circuit 
which consists of a constant voltage, 
Eo/c, equal to the_ open-circuit voltage 
at the section A-A, in series with a 
constant impedance equal to that seen 
looking toward the high-frequency 
power source from the section A-A with 
all active voltages zero. 

Fig. 9 can therefore be redrawn as 
shown in Fig. 10. 

If the coupling is infinitely loose, as 
assumed in the simple theory, the cir¬ 
cuit resistance that is measured is 
simply the series resistance of the meas¬ 
uring circuit- If the coupling is finite, 
a certain amount of resistance is coupled 
into the measuring circuit from the 
power source and the circuit resistance 
measured includes a component that can 
be ascribed to close coupling. Provided, 
however, that the assumptions of con¬ 
stant frequency and linear output im¬ 
pedance are satisfied, and that the 
coupling is held constant, no error need 
arise from close coupling when an un¬ 
known impedance is measured. If de¬ 
terminations of circuit resistance are 
made with the unknown impedance, 
in and out of circuit, the difference in 
circuit resistances will be equal to the 
resistance of the unknown. The differ¬ 
ence between the two resonant values of 
condenser reactance will be equal to the 
reactance of the unknown. 

Parallel-Resonance Methods 

The parallel-resonance methods are 
subject to the same types of error as 
those that occur in the series-resonance 
methods. The residual parameters 
{Continued on page 26) 
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Automatic Threshold Control 


for radio telegraph and telephone receivers 


HERE are many variations of quiet 
^ tuning and noise squelching cir¬ 
cuits, all of which seem to operate to 
produce the same general effect, that of 
rendering the circuit comparatively free 
from noise impulses when the carrier 
is removed. The method of quiet tun¬ 
ing described herein offers perhaps the 
widest application and is believed to 
produce the most satisfactory results, 
both for telephone and telegraph recep¬ 
tion, of any system of quiet tuning yet 
brought forth. Advantages other than 
quiet tuning are also explained. 

APPLICATION TO RADIO TELEGRAPH 
RECEPTION 

Muting in the radio and intermediate 
amplifiers, is generally conceded to be 
the most effective and practical for both 
telephone and telegraph reception, to 
prevent momentary overloading, which 
distorts modulation components or tele¬ 
graph characters. At high telegraph 
keying speeds this overloading ahead of 
the final detector sometimes reaches 
serious proportions. For facsimile key¬ 
ing speeds this trouble becomes almost 
intolerable. 

Because of ethereal limitations of 
short-wave circuits, it is considered best 
to use only the upper portion of the 
keyed impulse for operating a tone keyer 
or a recording mechanism, because 
echoes and multipath components can be 
greatly discriminated against since they 
are generally lower in level than the de¬ 
sired character, especially when modern 
antennae are used. Hence the term, 
^‘riding the tops of the characters for 
best results.” 

In order to ride the tops of the char¬ 
acters properly, the speed of the opera¬ 
tion of the automatic gain control must 
be rather fast, on the order of from 
.1 to .01 second. However, the strength 
of signal and the automatic fading range 
of the receiver, and the rate of keying 
speed limits the rate at which the AGC 
can be satisfactorily operated. The 
speed of the AGC action, above a cer¬ 
tain point approaches noise elimination 
characteristics, if the signal strength is 
sufficient to strongly depress the gain 
of the receiver, immediately after the 
start of the impulse. 

The operation of this method of auto¬ 
matic gain control is explained with 
reference to Fig. 1, which shows a 


By LEE HOLLINGSWORTH 

workable schematic circuit. Numeral 1 
is the final diode detector, and the 
diode output load is the potentiometer 
2. Vacuum tube 3 blocks and unblocks a 
tone keyer, that is not shown, and tube 4 
is a squelch or quiet tuning bias supply 
unit. Tube 4 may receive its plate sup¬ 
ply from battery 5, or from the a-c sup¬ 
ply at 6, in which case filter 7 is neces¬ 
sary. This bias supply appears across 
resistance 8. Both tubes 3 and 4 are 
biased slightly positive with respect to 
their cathodes, and have reduced plate 
and screen voltages to give a desirable 
plate-current grid-voltage operating 
characteristic. 

With no carrier signal impulses in¬ 
coming, tube 3 is conductive and blocks 
a tone keyer, as heretofore mentioned; 
tube 4 is also conductive and its current 
through resistance 8 furnishes a nega¬ 
tive bias supply to the y\GC through 
resistance 10 by way of condensers 11 
or 12 depending on the time constant 
value desired. During signal impulses 
tubes 3 and 4 are cut off because of the 
negative signal voltage across resistance 
2; the tone keyer is unblocked and re¬ 
lays a constant tone to the line or re¬ 
cording position, and the bias supply 
across resistance 8 is reduced to zero. 
The AGC voltage during impulses is the 
rectified signal voltage built up across 
resistance 2 and is fed in the AGC cir¬ 
cuit through resistance 9 by way of con¬ 
densers 11 and 12. The incoming sig¬ 
nal impulse affects a changeover from 



fixed bias supply to a varying bias sup¬ 
ply taken from the signal voltage. If 
the signal voltage across resistance 2 
is exactly equal to that tapped from re¬ 
sistance 8, there will be no change in 
the gain of the receiver. If there is less 
voltage across resistance 2 during a 
signal impulse, the gain of the receiver 
will automatically rise, to produce an 
output voltage value across resistance 
2 that will automatically check the 
upswing of gain. At another instant, 
if the signal impulse builds up a greater 
voltage across resistance 2 than that 
which is tapped from across resistance 
8, then the gain of the receiver is re¬ 
duced during each impulse, 

AUTOMATIC SHIFT OF AGC TIME 
CONSTANT 

(Telegraph reception only) 

Manual adjustment of the time con¬ 
stant values cannot take care of sudden 
changes in receiving conditions, where 
the rate and depth of fading reaches 
serious proportions. Neither can a re¬ 
ceiver operate normally over a wide 
gain range with extremely fast auto¬ 
matic gain control (unless the AGC is 
sliding or re-setting in nature), because 
the signal will split itself if the input 
value is high. The gain of the receiver 
is of course a factor in determining the, 
signal input value necessary to cause 
splitting. A receiver with a sensitivity 
of one microvolt rating usually has suf¬ 
ficient gain to start splitting or denting 
the characters at ordinary telegraphic 
speeds, when the input is approximately 
50 microvolts, and when a time constant 
on the order of .01 second or less is 
employed. 

For diversity reception, deep and 
rapid fading usually does not warrant 
extremely fast operating AGC until the 
signal falls below approximately 35 mic¬ 
rovolts input, during disturbed ethereal 
conditions, except for facsimile keying 
speeds as heretofore explained. Below 
this signal value (35 mv input) it is 
often advantageous to use a very fast 
time constant in the AGC circuit, espe¬ 
cially where audio fading exists, or is 
being approached. 

Fig. 2 shows schematically a circuit 
that is capable of shifting the time con¬ 
stant values of the AGC circuit auto¬ 
matically as a function of the signal 
strength, allowing for automatic cover- 
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age of a very wide range of ethereal 
conditions. Numerals indicate parts, 
the combined operation of which pro¬ 
duces this desired result, wherein 1 is 
the final diode detector whose output 
load is the double arm potentiometer 2. 
3 is a battery that supplies a positive 
potential to the grid of tube 4 that 
is used as a bias changer for the tone 
keyer, which furnishes also a squelch 
voltage for the AGC circuit between sig¬ 
nal impulses. Battery 5 and potentio¬ 
meter 6 complete the squelch-voltage 
supply. The squelch or quiet tuning 
action here is the same as described in 
Fig. 1. Tube 9, battery 10 and poten¬ 
tiometer 11 furnish a bias supply to 
keep tubes 12 and 13 blocked until the 
rectified signal voltage rises above a 
pre-determined level across potentio¬ 
meter 2. By blocking tubes 12 and 13 
when the signals are comparatively 
weak, condenser 14 is not connected to 
ground^ consequently of no physical 
value in the AGC circuit. The AGC 
time constant under this condition is 



made up of resistances 7 and 8 and the 
bypass condensers in the grid circuits of 
the tubes to. which the AGC voltage is 
applied, therefore very fast AGC action 
is had. As the rectified signal voltage 
across resistance 2 rises sufficiently to 
cutoff tube 9, tubes 12 and 13 are con¬ 
ductive by virtue of the cathode emis¬ 
sion and effectively zero grid potential, 
thereby connecting condenser 14 into 
active use in the AGC circuit. This 
charge leaks off rather quickly if the 
signal suddenly fades weak again, be¬ 
cause of the parallel discharge path 
through resistances 7 and 8. 

One of the outstanding characteris¬ 
tics of this circuit is the partial ab¬ 
sorption of heavy crashes when con¬ 
denser 14, which is comparatively large, 
is suddenly connected to the AGC cir¬ 
cuit. This condenser suddenly absorbs 
the electrons within the AGC circuit, 
and partially absorbs the sudden high- 
voltage charge across resistance 2, 
through resistance 8. Therefore, in¬ 
stead of heavy crashes, when signals are 
weak, charging the AGC circuit result¬ 
ing in harmful signal drop out action, 


the gain goes slightly upward, and holds 
over for an instant, and at the same time 
the full fqrcq of the crash does qot, reach 
the tone keyer. “A ' 

Normally when the Adc circuits are 
attempted to be operated with such small 
time constant values, there is a tendency 
to produce howls, because of the path 
from the final diode or biased detector, 
whichever is in use, back to the input of 
the preceding tubes. The squelch tube 
here serves another useful purpose; that 
of balancing out the negative-resistance 
component between the output and in¬ 
put, through the AGC circuit, prevent¬ 
ing audio oscillations within the re¬ 
ceiver. This is quite evident when one 
considers the action of the first half¬ 
cycle of a voltage surge that would nor¬ 
mally start an oscillation. The shock 
voltage is rectified, applied to the AGC, 
reduces its gain and reduces or cuts 
off the threshold voltage. At the half¬ 
cycle ends the threshold voltage comes 
on to check any further increase in 
gain, thus the surge is ended, being un¬ 
able to sustain itself through the re¬ 
ceiver channel. This non-oscillating 
feature might be useful in television 
reception to provide rapid automatic 
gain control for the video-channel am¬ 
plifiers, since the rate of compensation 
probably could be rather high before 
causing distortion on the lowest modu¬ 
lation frequency. Its use in facsimile 
reception allows fast compensation that 
produced a marked improvement in 
general quality of received pictures. 

AUTOMATIC THRESHOLD APPLICATION 

TO RADIO TELEPHONE RECEPTION 

Overcoming fading entirely is indeed 
a big problem in radio-telephone recep¬ 
tion. The overcoming of straight ampli¬ 
tude fading of the carrier is perhaps not 
entirely desirable, especially in short¬ 
wave reception, because levelling off 
the carrier output oftentimes over-am- 
plifies the remaining sidebands that are 
already beating together due to loss of 
the carrier, and causes serious distor¬ 
tion. 

Perhaps the best known method of 
reducing selective fading is by the car¬ 
rier supply method, which feeds local 
carrier energy into the receiver auto¬ 
matically as the incoming carrier fades, 
preventing the side bands beating to¬ 
gether to produce this undesirable dis¬ 
tortion. This type of control is confined 
entirely to costly commercial telephone 
installations. 

Spaced diversity reception over¬ 
comes selective fading very well, by 
virtue of the AGC selecting the stronger 
carrier, which automatically forces the 
weaker carriers from the combining cir¬ 
cuit. This method of reception is also 
confined very largely to commercial 
telephone and program exchange ser¬ 
vices. 



For general broadcast reception on 
all waves, the AGC system shown in 
Fig. 3 serves rather well to produce 
quiet tuning between stations and to a 
degree overcome the effects of selective 
fading. In principle this circuit is not 
unlike that of Fig. 1. 

Referring to Fig. 3, numeral 1 shows 
the final diode detector, feeding con¬ 
ventionally into an audio circuit, from 
the diode load resistance 2, through 
coupling condenser 3. Tube 4 is the 
squelch or threshold tube, excited by 
plate battery 5. The plate current from 
tube 4 passes through resistance 6 build¬ 
ing up a negative bias supply. When 
no carrier is being received, tube 4 is 
conductive, and the voltage across 6 is 
supplied through resistance 7 by way of 
condenser 9, thence to the grids of the 
radio and intermediate amplifying 
tubes, that have their gain automatically 
controlled. When a carrier is received, 
the plate current of tube 4 is reduced, 
reduced proportionately to the strength 
of the carrier, or cut off completely. 
The AGC voltage is now supplied 
directly or in part from the rectified 
signal voltage across resistance 2. If 
the receiver is tuned to a very weak 
carrier signal, tube 4 may be only re¬ 
duced, but this reduction lessens the 
QAGC supply voltage, increasing the 
gain of the receiver, which in turn re¬ 
peats the operation until the receiver 
reaches full gain or checks the upward 
swing of gain automatically, by the in¬ 
creased rectified carrier voltage across 
resistance 2. 

During periods of selective fading, 
the effects are somewhat reduced if the 
upswing of the receiver gain is de¬ 
layed, or actually reduced slightly dur¬ 
ing such periods. During such fading 
the beating of the side bands oftentimes 
does not become perceptible, if the gain 
of the receiver is held within limits for 
short duration fades. For slow, long 
duration fades the gain build-up fea¬ 
tures heretofore explained gives excel¬ 
lent output level control. Adjustment 
(Continued on page 14) 
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Frequency-Response Control Networks 


B ass and treble control net¬ 
works are used to increase or 
diminish the low and high audio-fre¬ 
quency components in tonal qualities by 
varying the amplifier response curve. 

Actual accentuation of the bass and 
treble registers produces a major effect 
which is not classed as being psycho¬ 
logical as that ordinarily obtained with 
common tone controls; the latter, mu¬ 
tates the higher and middle-range fre¬ 
quencies and gives pseudo volume to the 
lower register without increasing the 
low-frequency gain. 

In control systems that are frequency 
responsive, the gain can be increased 
to as much as 20 or more decibels, plus 
or minus, at either end of the auditory 
spectrum. In this manner, accentuation 
of the reproduction is at the discretion 
of the operator or listener who can 
modify the fiat response curve of an 
amplifier by simple controls for correct¬ 
ing room acoustics, enhancing the quali¬ 
ties of voice frequencies in transmission, 
or that of suiting ones’ personal tone ap¬ 
preciation. 

The proper circuit placement for a 
frequency responsive network is at a 
point where the audio-frequency gain is 
very low, preferably after the detector 
stage. A separate tube is employed to 
secure the necessary gain in response. 
The network impedances used in the 
system load the tube by reflection. The 
amount of gain required over the normal 
flat frequency response at each end of 
the register should be approximately 20 
decibels. The normal gain over the 
complete register, excluding the network 

Fig. 6. Complete circuit for 
treble and boss frequency 
control. 


By BERNARD EPHRAIM 

system, should be about one-tenth the 
maximum value; that is, one-tenth of 20 
decibels. The interpolation of the extra 
tube raises the output from the de¬ 
tector a few decibels. This is advan¬ 
tageous in that sufficient gain is pro¬ 
cured from the tube to permit current 
pick-ups being connected directly into 
the tube grid circuit. 

For specific instruction, a 6N7 tube 
is used; the characteristics being, S, 1.3 



Fig. 4. Ci rcuit for decreasing 
the bass response. 

ma/V; 32.5; Rp, 12,500 ohms. The 
tube is worked to produce an output 
peak voltage of 1.96 for driving a 6J7 
phase inverter into a push-pull 6N7 
amplifier. The input from the detector 
to the control stage is .5 volts rms or 
.707 peak which gives the input stage 
a gain of 1.96/.707 or 2.78. This is 
the normal gain for flat frequency re¬ 
sponse without the correction network. 

The amount of shading in the re- 
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sponse depends upon the discretion of 
the designer. In general, a two step 
increase above and below normal flat 
frequency response is sufficient for all 
practical purposes. For example, incre¬ 
ments can be ranged from 7 to 10 db, 
and from 15 to 20 db above and below 
normal as shown by the response levels 
in Fig. 1. 

The amount of gain greatly depends 
upon the characteristics of the tube em¬ 
ployed. It is essential that the tube 
function only on the straight-line part 
of its operating curve. The plate circuit 
must be loaded to twice the normal plate 
resistance of the tube for eliminating 
amplitude distortion when the upper 
register is accentuated. 

PLATE LOAD 

The minimum resistive load, referring 
to Fig. 2, is equal to Ri X (Rs T R)/ 


Fig. 2. Circuit for bass emphasis. 
Dotted lines show electrical 
equivalent. 


R' 



(Ri -h R 2 T R). Ordinarily, R is of a 
smaller magnitude than R 2 and the ac¬ 
tual load is represented by a parallel 
approximation of Ri and R 2 . Linear be¬ 
havior will be obtained by combining 
values Ri and Rg so that each are equal. 
In this manner, calculation is facilitated 
and the selection of the electrical values 
are in keeping with available standard 
parts. 

In computing the various resistive 
quantities in the network, it is only nec¬ 
essary to compute one general value, 
denoted as R', hence; 

Rp X Ri 

R'=--+ R. ..(1) 

Rp T Ri 

Where Rp = 12,500 ohms; Ri (also Rs) 
= 50,000 ohms. Note the parallel con¬ 
nection of the tube plates in Fig. 2. 
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Substituting values for letters in (1) : 
12,500 X 50,000 

R' =-+ 50,000 

12,500 + 50,000 

= 60,000 ohms 

The output voltage Eo developed 
across load resistor Rj is found from the 
expression: 


El X p. X Ri 

Eo =- 

Rp + Ri 


( 2 ) 


where Ei is the input voltage to the grid 
circuit, in this case, L96 peak. 
Evaluating: 


1.96 X 32.5 X 50,000 

Eo -= 50.96 

50,000— 12,500 

The maximum gain from the stage is 
found from the ratio Es/Ei or 50.96/1.96 
= 26 for the p. of the stage. 

For flat over-all response, less the ef¬ 
fect of the definitive networks, resistors 
R' and R are only effective, hence 
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Fig. 3. Circuit for treble em¬ 
phasis. 


Eo X R 

E, = - 

R+ R' 


(3) 


where 


p. X R' 

R =- 

26 — p. 

y, being the normal gain, assuming 3 
as a whole number for flat response in¬ 
stead of 2.78; 


Fence, 

3 X 60,000 

R =-= 7820 ohms 

26 — 3 

finally 

50.96 X 7820 

E. =--• = 5.8 

7820 — 60,000 

and the gain is found by equating the 
ratio 

E,/Ei= 5.8/1.96:= 3 .(4) 

all of which demonstrates that the load 
resistances are of the optimum value and 
that the gain is within specified limits. 


Fig. 1. Audio response at various switch 
positions. Off position db. 



Unfortunately, the 7820~ohm value for 
R is not available as a standard part, 
as an alternative, 7500 ohms is selected. 

This value decreases the voltage ampli¬ 
fication obtained in expressions (3) and amplification ratio E 2 /E 0 at any selected 


(4) so that now the amplification is 
26 XR 


p. =:- 

R + R' 
and solving 


.(5) 


low frequency is determined from the 
expression 


E 2 /E 0 =: ■ 


VI—f X C X R^ 
VI—f' X C X (R —R')' 


26 X 7500 

p. =-= 2.89 

7500 + 60,000 

Note that the gain is still within the cal¬ 
culated value which was originally 2.78, 
and estimated to be 3 to simplify cal¬ 
culation. 

A review of the preceding computa¬ 
tions reveals that the minimum gain for 
flat response is 2.89; maximum 26, and 
that the relative voltage amplification 
is 26/2.89 or 9 which is approximately 
18 decibels. In practice, an odd ex¬ 
pression to use here as this is a practical 
discussion, it will be found that the 
maximum gain calculations are deceitful 
and that the maximum voltage gain ob¬ 
tainable is less than that figured by 
approximately 6; a conservative esti¬ 
mate for gain in the illustration is 20. 

INCREASING BASS RESPONSE 

The design configuration of the net¬ 
work used for low-frequency emphasis 

Fig. 5. Circuit for decreasing 
treble response. 



.( 6 ) 

and in the design specifications, the 
minimum gain is equated from 

p. = E 2 /E, X 26 (7) 

= 5.8/50.96 x 26 = 2.86 

The value of condenser C for maxi¬ 
mum bass emphasis can be quickly de¬ 
termined by arbitrarily selecting the 
lowest frequency which definition is to 
be given; taking 50 cycles as the lowest 
bass response and the gain at 20, as pre¬ 
viously explained, the capacity is found 
where 


V.-i 

670 


C = 


f X 


i 


((R + RO='X|xO—R' 


-( 8 ) 


670 


Substituting quantities for letters; 

670 

-= .0392 mfd 


50 X- 


((7500 + 60,000)^ 


X 20^) —7500" 


= .0392 mfd. 


Since .0392 mfd is not available as a 
standard component, an alternative value 
that will suffice is .05 mfd. 

The amplification ratio equated from 
expression (6) will give 18.2, and in 
gain is equal to 18.2/2.89 or 6.3, in 
decibels this is approximately 16 db. 

For minimum bass definition, a gain 
of only 8 db is required or a voltage 
{C on tinned on page 32) 
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IRE CONVENTION PROGRAM 


T he Pacific Coast Convention of Insti¬ 
tute of Radio Engineers is being held 
from June 27-30, 1939, at the Hotel Mark 
Hopkins, San Francisco, California. An 
interesting program of technical papers lias 
been prepared. In addition there will be 
a number of inspection trips to various 
points of interest. The program follows: 

TUESDAY. JUNE 27 
9:00 A. M. 

Registration. 

10:00 A. M.— 12:00 NOON 

Opening address by R. A. Heising, 
President of the Institute. 

(1) “Communications Engineering in 
Geophysical Exploration,” by Her¬ 
bert Hoover, Jr., United Geo¬ 
physical Corporation. 

{2) “Federal Communications Commis¬ 
sion Engineering Regulations and 
Standards of Good Engineering 
Practice for Broadcast Stations,” 
by S. L. Bailey, Jansky and Bailey, 
Washington, D. C, 

(3) “Columbia’s West Coast Operations,” 
by L. H, Bowman, Columbia 
Broadcasting System, Hollywood, 
Calif. 

2:00 P. M. —4:30 P. M. 

(4) “Recent Developments in Aerial 
Navigation,” by H. H. Willis, 
Sperry Gyroscope Company, 
Brooklyn, N, Y. 

(5) “Aircraft Instrument Landing Re¬ 
search at the Massachusetts Insti¬ 
tute of Technology,” by E. L. 
Bowles, Massachusetts Institute of 
Technology, Cambridge, Mass. 

(6) “Study of the Effects of Mountains 
in Radiogoniometry and on the 
Combined Use of Radio Beacons 
and Radio Compasses for Aerial 
; Navigation,” by Andre Busignies, 

Le Material Telephonique, Paris, 
France. 

(7) “Acoustic Models of Radio Anten¬ 
nas,” by E. C. Jordan and W. L. 
Everitt, Ohio State University. 
Columbus, Ohio. 

(8) “Recent Advances in Receiving 
Equipment for Transoceanic Tele¬ 
phony,” by F. A. Polkinghorn, Bell 
Telephone Laboratories, New 
York, N. Y. 


WEDNESDAY, JUNE 28 

9:00 A. M.— thOO A. M. 

(9) “Electron Optics,” by V. K. Zwory¬ 
kin, RCA Manufacturing Com¬ 
pany, Harrison, N. J. 

(10) “Current Division in Plane-Electrode 

Triodes,” by Karl Spangenberg, 
Stanford University, Stanford 
University, Calif. 

(11) “Functions of Electron Bombard¬ 

ment in Television,” by 1. G. Ma- 
loff, RCA Manufacturing Com¬ 
pany, Camden, N. J. 

(12) “Surface - Controlled Mercury - Pool 

Rectifier,” by T. M. Libby, Pacific 
Telephone and Telegraph Com¬ 
pany, Seattle, Wash. 

I 1:30 P. M. —2:00 P. M. 

Trip to Pan American Airways Ter¬ 
minal and inspection of Boeing 
Clipper. 

2:00 P. M. — 4:30 P. M. 

(13) “Direct-Current and Audio-Fre¬ 

quency Amplifie'r,” by L. J. Black 
and H. J. Scott, University of 
California, Berkeley, Calif. 

(14) “Golden Gate International Exposi¬ 

tion Radio and Sound Distributing 
Systems,” by C. A. Lahar and L. 
Hewitt, RCA Manufacturing Com¬ 
pany, Camden, N. J. 

(15) “Radio-Erequency Spark-Over in 

Air,” by P. A. Ekstrand, Heintz 
and Kaufman, South San Fran¬ 
cisco, Calif. 

(16) “Solar Cycle and the Fa Region of 

the Ionosphere,” by W. M. Good- 
all, Bell Telephone Laboratories, 
Deal, N._ J. 

(17) “Atmospherics and Radio Tansmis- 

sion Phenomena in Puerto Rico,” 
by G. W. Kenrick and P. T. Sam- 
mon, University of Puerto Rico, 
Rio Piedras, P. R. 

(18) “Transmission on 41 Megacycles,” by 

S. S. MacKeown, B. M. Oliver, 
and A. C. Tregidga, California 
Institute of Technology, Pasadena, 
Calif. 

THURSDAY, JUNE 29 

9:00 A. M.— 11:30 P. M. 

(Joint Session with American Institute of 
Electrical Engineers) 


(19) “The Klystron as a Generator of 

Very Short Waves,” by W. W. 
Hansen, R. H. Varian, S. E. Var- 
ian, D. L. Webster, and J. R. 
Woodyard, Stanford University, 
Stanford University, Calif. 

(20) “Instruments and Methods of Meas¬ 

uring Radio Noise,” by C. V. Ag¬ 
gers, Westinghouse Electric and 
Manufacturing Company, East 
Pittsburgh, Penna.; D. E. Foster, 
RCA License Laboratory, New 
York, N. Y.; and C. S. Young, 
Pennsylvania Power and Light 
Company, Allentown, Penna. 

(21) “Methods of Controlling Radio Inter¬ 

ference,” by C. V. Aggers, West¬ 
inghouse Electric and Manufactur¬ 
ing Company, East Pittsburgh, 
Penna. 

(22) “Technical Framework of our Tele¬ 

vision,” by E. W. Engstrom, RCA 
Manufacturing Company, Camden, 
N. J. 

12:30 P. M. 

Trip to Stanford University jointly 
with American Institute of Elec¬ 
trical Engineers. 

2:00 P. M. —4:30 P. M. 

(23) “Electronic-Wave Theory of Veloci¬ 

ty-Modulation Tubes,” by Simon 
Ramo, General Electric Company, 
Schenectady, N. Y. 

(24) “Recent Ultra-High-Frequency De¬ 

velopments,” by B. J. Thompson, 
RCA Manufacturing Company, 
Harrison, N. J. 

(25) “Simple Television Antennas,” by P. 

S. Carter, RCA Communications, 
Rocky Point, L. L, N. Y. 

(26) “Continuous-Wave Interference with 

Television Reception,” by C. N. 
Smyth, Kolster-Brandes, Ltd., 
Sidcup, Kent, England. 


FRIDAY, JUNE 30 

10:00 A. M.— 12:00 NOON 

Trip to the tube manufacturing plants of 
Eitel and McCullough, San Bruno, 
and Heintz and Kaufman, South 
San Francisco. 

2:00 P. M. —5:00 P. M. 

Trip to University of California. 


AUTOMATIC THRESHOLD CONTROL 

{Continued from page 11 ) 


of the threshold voltage will give these 
advantages automatically. 

Therefore, in receiving broadcast 
programs, amateur calls, police calls, 
etc., on a single unit popular priced re¬ 
ceiver, all that appears worthwhile at 
present is an attempt at overcoming- 
fading in its various forms. The great¬ 
est improvement possible is perhaps in 
the hands of the short-wave transmit¬ 


ting stations—that of keeping the mod¬ 
ulation percentages down appreciably, 
to reduce to a minimum the effects of 
selective fading. This policy might be 
desirable for night-time operation on 
the broadcast band, because a rural 
listener seldom can get consistently good 
reception beyond a distance of from 
fifty to seventy-five miles from the sta¬ 
tions, and it is very interesting to note 
that this distortion did not exist to any 


appreciable degree until high-level 
modulation was used. Certain types of 
“monkey chatter” it seems might be 
another offspring of high-level modula¬ 
tion interwoven with selective fading. 

Solving all of the problems of fading, 
outside of the BX Station’s primary 
area by various methods of AGC that 
are practical in home receivers, does not 
appear to be in the immediate offing. 
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Molded 


\\T HEN you drive your automobile, 
write with your fountain pen, 
switch on your electric lights, or per¬ 
form any one of a dozen other every 
day operations, you see and feel syn¬ 
thetic plastics. When you buy any of 
these various articles of every day use 
your choice is based almost entirely 
upon its utilitarian value, but when you 
purchase a radio you are influenced in 
your selection just as much by its ap¬ 
pearance as by its excellence of recep¬ 
tion. 

Because good design is such an im¬ 
portant factor, it is usually well for the 
manufacturer of radios to call on an 
aesthetic designer for the external fea¬ 
tures of the case. Most of these design¬ 
ers have had some experience with 
plastics and know how to design in rela¬ 
tion to what the product engineer re¬ 
quires of the outside of the case, such 
as speaker openings, vents for air cir¬ 
culation and openings for controls. 

The mechanical designer is apt to 
violate the laws of art in his efforts to 
design for economical production. In¬ 
ternally, the case is still a mechanical 
design to receive, support and anchor 
the chassis and its component parts. 
Here, the engineer in charge of me¬ 
chanical design is concerned chiefly in 
providing the necessary holes, depres¬ 
sions, projections—all molded in uni¬ 
form locations and of sizes to a toler¬ 
ance to take care of the mechanical fea¬ 
tures that would otherwise require ad¬ 
ditional manufacturing equipment, parts 
and assembly. 

The more generally used types of 
plastics in connection with radio cab¬ 
inets are the phenolic and urea ma¬ 
terials. Radio cases of brown, walnut, 
black, are usually molded of the phenolic 
materials. But when the gay pastel col¬ 
ors are specified, the urea type of ma¬ 
terial is best suited. 

The urea molded materials are some¬ 
what higher in cost than the phenolic 
and are justified chiefly because of their 
color. Molding equipment, if properly 
designed, will produce cases from either 
type of material. 

At the present time radio case dimen¬ 
sions have generally not exceeded 8" X 
12'' face X 8" depth from front to back. 
With these normal dimensions in mind, 
wall thicknesses should be approximately 
throughout the case. In the smaller 
size or “midget" cases 3/32" wall 
thickness is proper. Heavy sections or 
thick irregularities projecting from the 



A modern Zenith receiver. 


for radio receivers 


walls of the case should be cored out 
to the general thickness to avoid finish 
blemishes adjacent to them on external 
surfaces. This is especially true in the 
case of the urea materials. Avoid all 
sharp corners wherever possible on the 
outside as well as the inside of the case; 
substitute a 1/32" fillet or radius. This 
strengthens the case, aids the flow of 

By F. D. SWANSON 

Chief Tool Designer 
CHICAGO MOLDED PROD. CORP. 

material and prevents chipping. Since 
the case is hard and brittle, some mold¬ 
ing strains are set up in the molding 
procedure. These strains will tend to 
alleviate themselves at the weakest part 
of the case, which is usually at the sharp 
inside corners—round corners absorb 
these strains. 

Both the designer and the mechanical 
engineer must visualize the manner in 
which the case is going to be molded, 
so that undercuts or projections will not 
be incorporated into the design of the 
case, for an undercut will not permit 
withdrawal of the punch or male mem- 



A midget Majestic model. 


ber of the mold, nor will it permit with¬ 
drawal of the finished product from the 
female member of the mold. Undercuts 
and side projection require split sec¬ 
tions in the mold in order to withdraw 
the molded part—this slows up produc¬ 
tion and of course adds to the cost. 

Another point to receive careful at- 


Cabinets 


tention is design that will meet with 
approval by the Underwriters’ Labora¬ 
tories. Electrical and fire hazards can 
be eliminated by proper engineering de¬ 
sign. 

Since the molding of radio cases is 
usually a matter of mass production, if 
there is any element of doubt regarding 
consumer acceptance or design, it is 
sometimes advisable to have only a 
single impression mold made to prove 
out actual practice before going into 
mass production equipment. 

The molding operation requires pres¬ 
sure of approximately 2^4 tons to the 
square inch of projected molding area 
and so the number of mold impressions 
or cavities is limited in relation to the 
maximum pressure capacity of the 
molding press to be used. 

The largest molding press generally 
in use among the commercial molders 
is about 500 tons maximum pressure ca¬ 
pacity. It is obvious, therefore, that if 
the case is a very large one its pro¬ 
duction and molding equipment is going 
to be limited to a one impression mold 
per molding press, though when it 
comes to the smaller or “midget" cab¬ 
inets it is possible to use a six impres¬ 
sion mold in the larger molding presses, 
with the result that every time the press 
closes and opens six radio cases will be 
ejected from the mold. Normally, the 
larger presses operate only about 22 
times per hour, giving a production of 
132 pieces per hour from a six cavity 
mold. Since time is money, the finan¬ 
cial advantage ultimately resulting front 
the number of impressions in the mold 
should be considered. So must also the 
cost of manufacturing equipment needed 
to mold cases be considered. The most 
important part of the equipment is the 
hardened and polished steel mold, the 
cost of which, per impression, varies 
considerably in relation to the complexi¬ 
ties of the deisgn of the case. 

Doubling the number of cavities in a 
mold does not double the mold cost nor 
halve the piece part cost, though it near¬ 
ly doubles the daily production. There¬ 
fore, to reach a decision regarding the 
size mold (number of cavities) best 
suited to economically take care of a 
manufacturer’s requirements, all three 
factors—mold cost, piece cost and daily 
production requirements—must be taken 
into consideration. No general figures 
covering these three factors can be 
given, as each case presents a very 
{Continued on page 30) 
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HaLYOKE 

HOOK UP WIRE 


Photo 
Courtesy 
RCA Mfg. Co. 


feievision 

receivers 


Television models are now on the regular production line In 
several radio receiver manufacturing plants. More important, 
they are efficient in operation . . . and the public is buying 
them. 


Double rubber covered wire, 
each sheathing I/16" thick, 
capable of 20,000-30,000 volts 
breakdown, exceeds AIEE 
standard requirements, ideal 
for television. 


Low loss, low capacity rubber 
covered stranded conductors 
with RMA color coded braid, 
either saturated or Are re¬ 
sisting impregnation. 


There is a Holyoke wire, 
cable or cordset avail¬ 
able for every radio 
and electrical applica¬ 
tion. Shielded wires and 
harnesses a specialty. 


Holyoke has contributed to Television by supplying the 
proper types of fine qualify, high heat-resisting rubber cov¬ 
ered low loss hookup wire. Despite the "high falutin" adjec¬ 
tives we use when describing this hookup wire—remember— 
it costs no more than less efficient brands. In fact, you must 
use the right hookup wire in television sets ... or else! 

We invite those engineers with radio receiver manufac¬ 
turing plants who have not already done so to write at once 
for full particulars. Or, let us have your specifications for 
price quotations. 


HOLYOKE WIRE & CABLE CORP., 730 Main St., Holyoke, Mass. 


Holyoke Wire & Cable Corporatiom 








TELEVISION 

ENGINEERING 

Registered U. S. Patent Office 

SOUND MOTION PICTURE FILMS IN TELEVISION 

Part II 


I N the first article of this series the 
writer set forth his reasons for be¬ 
lieving that the sound-motion-picture 
film is destined to play a much more im¬ 
portant role in the development of tele¬ 
vision than its analogue, the transcrip¬ 
tion disc, has played in sound broad¬ 
casting. His thesis may be summed up 
in this: that the film is more than an 
economical medium for the distribution 
of visual program material; it is a me¬ 
dium for the creation of superior tele¬ 
vision programs with the expenditure 
of less time and effort than is required 
for high-quality 'dive'' broadcasts. 

If this view of the significance of the 
film technique in television is even part¬ 
ly correct, it is highly desirable to es¬ 
tablish a satisfactory set of standards 
for television films and film-scanning 
equipment before the setting up of any 
large number of transmitting stations. 
The present article and the one to fol¬ 
low it are concerned with the determi¬ 
nation of the proper film dimensions for 
such a set of standards in order to insure 
satisfactory picture and sound quality. 

The writer feels that the first require¬ 
ment of any set of television film stand¬ 
ards should be demonstrable ability to 
satisfy not only present requirements as 
to quality but all requirements that may 
arise in the future under the RMA 
standards for television transmission. 
This means that the film, when proper¬ 
ly handled, must be capable of providing 
all the picture detail that can theoreti¬ 
cally be transmitted over a 441-line sys¬ 
tem, and the associated sound record 
must be capable of development to a 
degree of fidelity which will not suffer 
by direct comparison with direct trans¬ 
mission over a IS,000-cycle channel. 

Note that in neither of these respects 
is the specified degree of quality needed 
at the present time. Therefore it is not 
necessary to limit ourselves to present¬ 


ly available techniques in determining 
the dimensions needed to secure the fu¬ 
ture availability of high enough quality. 
What is needed is to estimate carefully 
and conservatively the probable effect of 
improvements in technique and mate¬ 
rials that are now in the laboratory 
stages, and on this basis concede as 

By JOHN A. MAURER 

THE BERNDT-MAURER CORP. 

much as seems safe to the present need 
for economy in film consumption. 

If quality of performance were the 
only consideration we might at once 
decide in favor of the theatrical stand¬ 
ard, or 35-mm film, for television. Even 
when carelessly handled it provides 
more than enough detail in the picture, 
while the sound track, if recorded by the 
best available present methods, could 
give a fiat frequency response to at 
least 15,000 cycles, with greater volume 
range than can be heard enjoyably under 
living-room conditions. 

16-mm films, however, have so much 
to offer in reduced first cost, lower 
weight in shipping, reduced space re¬ 
quirements for storage, freedom from 
fire hazard, and general convenience and 
mobility of camera and projector equip¬ 
ment, that it is well worth while to study 
the requirements of picture and sound 
with the greatest care in order to de¬ 
termine how successfully the 16-mm film 
can meet them. 

It may be asked at this point why 
some standard of film width other than 
16-mm or 3S-mm may not be the log¬ 
ical one for television. It is true that 
the requirements of television program 
production will probably require the de¬ 
velopment of special types of motion- 
picture cameras, while broadcasting 


definitely requires special projection, 

or scanning, equipment. But the pro¬ 
duction of films according to a given di¬ 
mensional standard requires the exis¬ 
tence of equipment of other types (film 

slitting and perforating machines, print¬ 
ing machines, and developing machines) 
in the hands of film manufacturing com¬ 
panies and film processing laboratories. 
Economy obviously dictates that tele¬ 

vision use one or the other of the two 
established sound film widths (35 mm 
or 16 mm) for which this equipment 
exists and is in regular operation. 

The amounts of picture detail made 
available by television systems, films, 
and lenses, are variously stated in terms 
of scanning lines, resolving powers, and 
diameters of circles of confusion. It be¬ 
comes necessary to define and interpret 
these terms if we are to make an accu¬ 
rate comparison of the performance 
standards that are implicit in the RMA 
television standards with the possibili¬ 
ties of 16-mm motion-picture films. 

The finest line pattern that can appear 
on a television screen in the vertical di¬ 
rection is the one obtained when every 
other scanning line is bright, with the 
intervening ones dark. In the horizontal 
direction the spot size and the limits of 
the frequency range transmitted by the 
system usually make the finest obtain¬ 
able line pattern the same as the one in 
the vertical direction. Putting this in 
numerical terms, the finest line pattern 
that can be transmitted on a television 
system according to the RMA stand¬ 
ards will have 220 separate lines in the 
height of the picture. 

The ability of a photographic film to 
show fine detail is commonly stated in 
terms of the number of lines per milli¬ 
meter it can resolve, or show separately. 
But in making tests of resolving power, 
the test object that is photographed con- 
{Contimied on page 27) 
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I T makes little difference where one 
might go throughout the world ex¬ 
amining electronically-operated tele¬ 
vision pick-up devices, he will probably 
find only variations from the two fun¬ 
damental patents issued originally in 
this country, one to V. K. Zworykin 
about 1928^ and the other to P. T. 
Farnsworth about 193 P. These two de¬ 
vices pretty much dominate the inter¬ 
national television picture at the present 
time. In foreign countries, the tele¬ 
vision cameras may appear under un¬ 
familiar names, but a closer scrutiny will 
probably reveal the basic principles of 
operation of one of the two cameras to 
be described in this Installment. For 
instance, in England the Emitron cam¬ 
era of the Marconi-E. M. I. Company 
resembles Zworykin’s Iconoscope, and 
the Baird Electron Camera is similar 
to Farnsworth’s Image Dissector. Be¬ 
cause of this fact, a study of the two 
pick-up systems used so extensively in 
the United States today will give us an 
up-to-date working knowledge of the 
television pick-up systems of the world. 

In Part I of this series, the necessity 
for scanning and for the translation of 
the average light level of each incre¬ 
mental area of the picture into an elec¬ 
tric current of corresponding intensity 
was pointed out. In both types of tele¬ 
vision camera tubes widely used today 
both of these processes, l.e., the scan¬ 
ning and the optico-electro translation, 
occur within the same device. In addi¬ 
tion to this, several models also include 
means for amplification of the feeble 
signals so that they have a fighting 
chance against the ever present circuit 
noises. 

The operation of the Image Dissector 
is made clear by Fig. 1. The image to 
be scanned is focused by a conventional 
system of lenses onto the cathode sur¬ 
face which has been treated uniformly 
for photo-electric emission. It is evi¬ 
dent that the bright areas will cause 
many electrons to be emitted and that 
the darker regions of the image will 
cause fewer electrons to be emitted 
from this photo-cathode surface. The 
anode in the opposite end of the tube is 
held at a positive potential with respect 
to the cathode so that all of the photo¬ 
electrons emitted will be accelerated 
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The Fundamentals Of 


Schematic 
diagram of 
Image 
Dissector 
tube. 


Part III 

Television Cameras 


toward the anode. Leaving the photo¬ 
electric cathode, then, is a beam of elec¬ 
trons about the size of the image whose 
electronic density along its cross-section 
will vary in a manner similar to the 
light variations over the image as it 
falls upon the cathode. In other words, 
if one could take an imaginary slice 
from this electron bundle leaving the 
photo-cathode he would find that in the 



Fig. 2. The basic Iconoscope. 
Photo courtesy RCA Review. 


regions of the slice corresponding to 
the light parts of the image, there would 
be found many electrons and the areas 
corresponding to the dark parts would 
be represented by only a relatively few 
electrons. This arises from the fact that 
the photo-electric emission from the 
cathode is a function of the intensity 
of the impinging light. 

Because all of the electrons in a beam 
possess a negative charge, there will 
be mutual repulsion between the various 
electrons comprising the electronic 
image. This effect is further augmented 
by slight initial variations in velocity 
and direction as the photo-electrons are 
emitted. These effects tend to make the 
electronic image bundle to spread apart, 
but this spreading is minimized by 

Schematic drawing of an RCA 
Iconoscope. 


focusing coils A, mounted coaxially 
with the tube. Its magnetic field is 
parallel to the direction of travel of the 
electrons, and any electron attempting 
to travel diagonally to this magnetic 
field has a force acting upon it tending 
to bring it back into line. 

Above and below the evacuated 
cylinder is a pair of coils (B and B') 
connected in series, so situated that their 
axis is perpendicular to that of the tube. 
The magnetic field resulting from cur¬ 
rent flowing in these two coils will 
result in the electronic image bundle 
being deflected upward or downward in 
the plane of the paper in Fig. 1. An¬ 
other pair of coils is arranged one on 
the side of the observer and one on the 
back side so that its magnetic field is 
perpendicular both to the axis of the 
tube and the plane of the paper. By 
means of a current in these coils, the 
electronic image bundle may be deflected 
toward or away from the observer. 
These two sets of coils make it possible 
to deflect the electronic image at will 
within the tube by the simple expedient 
of sending currents of suitable wave 
form through the coils outside the tube. 

As the electronic image approaches 
the anode pillar, a few electrons will go 
through the aperture, hit the tiny target 
inside the anode pillar structure, and this 
constitutes the signal current. The two 
sets of deflecting coils are so energized 
that each picture element is scanned in 
the proper sequence. For RMA stand¬ 
ards of operation, the image beam 
would be deflected horizontally 441 
times per second and vertically 60 times 
per second to give a 441-line, 30 frames 
per second, interlaced image. The en¬ 
tire electronic image is moved across 
the aperture to accomplish the scanning 
process in this Farnsworth Image Dis- 
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sector, while the scanning point is mov¬ 
able over a stationary image in most 
other systems. 

The photo-electric current represent¬ 
ing the light intensity of one elemental 
area is very feeble. A brief calculation 
will confirm this. Let us assume the 
use of RMA standards of 441 lines per 
image, 30 complete frames per second, 
4 

and aspect ratio of — . The number 
3 

4 

of elements per frame is (441)^ — 

3 

= 259,000. As there are 30 of these 
frames per second, the time that one 
single elemental area will be in front of 

1 

the aperture will be - 

(259,000) (30) 
seconds = 0.129 microsecond. Now, 
let us assume the use of an F-4.5 lens 
in front of our Image Dissector throw¬ 
ing a brightly illuminated outdoor 
scene upon the photo-electric cathode. 
Under these conditions, the total light 
falling upon the cathode will be in the 
order of 0.1 lumen. Let us also assume 
that the photo-electric surface has a sen¬ 
sitivity of 75 microamperes per lumen, 
an extremely sensitive surface which 
has been obtained by much research 
work. The photoelectric current repre¬ 
senting a single elemental picture area 
(75 X lO'G (0.1) 

is -= 28.9 X 10-"-' am- 

259,000 

peres or 28.9 micromicroamperes per 
element. This current flowing for the 
0.129 microsecond is equivalent to 
3.74 X 10“^® coulombs which is equal 
to 23.5 electrons. In an extremely gen¬ 
erous mood, we will call it an even 24 
electrons, which, one must still admit. 


Illustrating 

the 

improved 

Farnsworth 

tube. 


is not much of an electric current. This 
signal current would undoubtedly be lost 
in the noise associated with ordinary 
thermionic amplifiers and because of 
this inherently feeble signal from the 
Farnsworth Dissector, electron multipli¬ 
ers are used. In one of the later models, 
this multiplier is built into the anode 
pedestal. 

An early type of RCA Iconoscope 



Fig. 5. The new Image Icono¬ 
scope. RCA Photo. 


(Greek: '‘image observer") television 
camera tube is shown in the photograph 
of Fig. 2. A schematic drawing of a 
commercial model (Type 1849 and 
1850) recently put upon the market is 
shown in Fig. 3. The type 1849 Icono¬ 
scope is designed for motion-picture 
pick-up, while the type 1850 is much 
more sensitive and is intended for direct 
pick-up at low levels of scene illumina¬ 
tion. 

The heart of the Iconoscope is the 
mosaic electrode which has been 
especially treated for high photo-electric 
emission. The mosaic may be formed 
by the deposit of a multitude of tiny 
silver globules upon an insulating sheet 
such as a thin sheet of mica. These 
globules are then photo-sensitized by 
caesium and each globule, which is in¬ 

Schematic drawing of tube shown 
in Fig. 5. 




sulated from all its neighbors, becomes 
a minute photo-electric cell. These glo¬ 
bules are so small that there may be 
dozens of them in one elemental area 
of the mosaic or the area of the scan¬ 
ning spot. In general, about 30% to 
40% of the area of the mosaic is cov¬ 
ered by the globules. 

An electron gun and associated beam 
deflecting system are mounted in the 
neck of the Iconoscope. This gun is 
very similar to that found in the usual 
cathode-ray tube and consists of a 
thermionic cathode for emission of the 
electrons, means for accelerating the 
electrons, and means for focusing them 
into a very fine beam. By means of an 
electromagnetic or electrostatic system 
(the Iconoscope uses the former), the 
beam may be deflected to any spot on 
the mosaic electrode. To meet the RMA 
Standards, this beam would be swept 
horizontally across the mosaic 441 
times per frame, and the beam would 
also be deflected slowly in a vertical di¬ 
rection so that each line would fall ad¬ 
jacent to the preceding one, the 441 
lines scanning all parts of the mosaic 
1 

surface every —th second. 

30 

Let us examine the mechanism by 
which the signal currents are generated. 
The image is focused upon the mosaic 
by means of a suitable external lens 
system. The light falling upon the 
mosaic causes photo-electrons to be 
emitted from each element of the mosaic. 
The sensitized silver globules lying in 
a part of the image which is light will 
give ojEf more electrons than the dark 
portions. The electrons given off from 
each mosaic element photo-electrically 
are attracted to the silver coating on the 
inner side of the tube which constitutes 
the anode and which is held at a posi¬ 
tive potential with respect to the mosaic. 
It is obvious that the leaving of the 
electrons from the mosaic element will 
leave a deficiency of charges upon it 
and, by virtue of the capacitance exist¬ 
ing to the metallic backing plate on the 
opposite side of the mica sheet, this will 
actually result in a charging of this 
tiny condenser. The magnitude of the 
charge will depend upon the intensity of 
the light falling upon it for a given 

19 



















length of time. Because each of these 
mosaic elements is highly insulated 
from every other element, it is seen that 
a scene focused upon the mosaic will 
immediately give rise to a potential dis¬ 
tribution over the face of the mosaic 
which varies electrically as the light and 
shade of the scene itself varies optically. 

The function of the electron beam is 
to discharge these tiny charged con¬ 
densers in a certain order. The sweep¬ 
ing of the electron beam across a 
charged element will mean the equaliza¬ 
tion of the charge, or the discharge, of 
that condenser element. The charging 
current which flowed to perform this 
equalization is proportional to the 
amount of charge on the element, which 
is in turn porportional to the intensity 
of the light falling upon that element. 
The current which flows through resis¬ 
tor R of Fig. 3 produces a voltage 
which varies as the light variations 
along that particular scanning line, and 
this constitutes a feeble signal voltage 
which can be amplified and utilized. 

As mentioned before, the area cov¬ 
ered by the scanning beam contains 
many of these mosaic elements. Because 
of this, the signal output of one ele¬ 
mental area of the mosaic will be pro¬ 
portional to the average charge attained 
by all the globules in that elemental 
area. 

The sensitivity of the Iconoscope is 
much greater than the fundamental Dis¬ 
sector. This results from the storage 
effect that takes place by the more or 
less continuous process of charging the 
minute condensers. While the signal 
from a single elementary area of the 
Farnsworth Dissector tube might be in 
the order of 24 electrons, the signal 
from a single elemental area of the stor- 
age type would be much greater because 
its charging process has been progress¬ 
ing while all the rest of the approxi¬ 
mately 259,000 elemental areas were be¬ 
ing scanned in turn. In other words, the 
Dissector tube has only the time re¬ 
quired to scan a single element for the 
photo-electric emission of its signal 
current (about 0.13 microsecond (while 
the Iconoscope merely releases during 


age is focused upon the special “photo¬ 
island'’ grid after passing through the 
transparent anode on the end of the 
tube. This grid has about 160,000 holes 
punched per square inch in a thin nickel 
plate. One side is coated with a dielec¬ 
tric material which has deposited upon 
it many photo-sensitive “islands” which 
are so-called because they are insulated 
from each other as are the globules on 
the Iconoscope mosaic. The image 
focused upon this “island” surface 
causes an electrical potential image to 
be set up over its face. The beam of 
electrons from the gun hit the special 
surface on the nickel plate liberating 
copious quantities of secondary elec¬ 
trons. This cloud of secondary elec¬ 
trons acts as a rapidly moving virtual 
cathode source, and these electrons are 
drawn through the tiny holes of the 
mesh to a degree depending upon the 
amount of positive charge built up on 
the “photo-islands” on the other side. 
In other words, the “photo-islands” act 
as the control grid of a triode in that 
they control the number of electrons 
which shall go to the electron multiplier 
to represent that particular area. The 
intensity of illumination determines the 
amount of positive charge on the is¬ 
lands, and this positive charge deter¬ 
mines the number of electrons allowed 
to go to the electron multiplier which 
constitutes the signal current. 

The main advantage of this tube is 
that its sensitivity is increased to about 
ten times that of the conventional Icon¬ 
oscope. Another advantage is that a 
peculiar shading signal common to the 
Iconoscope and evidently a result of 
roving areas of spurious charges over 
the mosaic does not appear. A difficulty 
at the present time is constructing the 
photo-island mosaic so that its charge 
1 

leaks off in about — second so that no 
30 

residual charge remains when the next 
frame starts. 

Improved RCA Iconoscope 

The Image Iconoscope recently 
described has resulted in greatly superi- 

(Contimied on page 24) 


Fig. 9. A typical 
scene during the 
broadcasting of a 
television p la y . 
Note the trucks 
upon which the 
cameras are 
mounted and the 
powerful lights re¬ 
quired. RCA photo. 


this same time a charge that has been 

1 

accumulated for about — second. The 
30 

theoretical gain of the Iconoscope over 
the Dissector would be about 259,000, 
but an advantage of only a few thousand 
has actually been realized. 


Fig. 7. Two well- 
known television 
research engi¬ 
neers, Dr. V. K. 
Zworykindeft) and 
E. W. Engstrom. 
examine a special 
electronic tube. 
Dr. Zworykin is the 
inventor of the 
Iconoscope. RCA 
photo. 


The Improved Farnsworth Pick-up Tube 

An interesting thing about the im¬ 
proved types of Farnsworth and RCA 
tubes is that the new Farnsworth tube 
utilizes a photo-mosaic and the new 
RCA tube uses electronic images. 

The improved Farnsworth tube is 
shown schematically in Fig. 4. The im¬ 


Fig. 8. A new RCA Iconoscope 
television camera. 
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T ELEVISION 

Economics 


Part V 


T here is one matter of outstanding- 
importance which greatly affects 
the broadcasters and the lookers alike. 
This matter is the proposed discontinu¬ 
ance of present broadcast station pro¬ 
cedure whereby the public is admitted 
to the studio or permitted to view the 
actual broadcast. It cannot be too 
strongly urged that the public and non¬ 
official observers shall be completely 
excluded from television studios from 
the very beginning of that art. In the 
first place, it is bad showmanship to 
show the public the various detailed and 
sometimes disillusioning methods which 
are used in production. In the second 
place, studio personnel should be in¬ 
terested in the home audience and their 
specific and immediate production job 
only—and not be compelled consciously 
or unconsciously to pose for a gaping 
gallery. In the third place, the cost of 
providing adequate viewing facilities for 
the public would be unwarranted, par¬ 
ticularly in view of the difficulty of 
placing the observers in such positions 
that they are hot blinded by the lights. 

It has been repeatedly stated by the 
writer that the entertainment industry 
should be conducted by “sellers of il¬ 
lusion and vendors of glamor.” Through 
receiver costs and its own time and at¬ 
tention, the public seeking radio enter¬ 
tainment pays for entrance into a new 
world created by the entertainer; and it 
is both unwise and unfair to destroy 
the remoteness, entertainment appeal, 
and psychological novelty of this created 
world by showing the public “how the 
wheels grind and turn.” Broadcasting 
now has the rare and unique opportunity 
to rid itself of an unnecessary and 
purely extraneous element which should 
be foreign to the entertainment indus¬ 
try, namely the intrusion of the public 
into the routine of entertainment pro¬ 
duction. If the advertising sponsor and 
his agency ■ will forget their personal 
preferences and remember that the 
major function of broadcasting is to 
entertain the audience of prospective 
purchasers in the home, they will wisely 
refrain from requesting the trivial grati¬ 
fication of inviting any portion of the 
public or their own affiliates to witness 


A television 
receiving 
antenna. 
RCA Victor 
photo. 


the production in the studio. It will be 
a disappointment to the public, a liability 
to the advertiser, an annoyance to the 
broadcaster, and a financial drain on 

By 

Dr. ALFRED N. GOLDSMITH 


Consulting Industrial Engineer 

all concerned if this note of caution is 
not immediately heeded. 

G. RECEIVING ANTENNA SYSTEMS 
G-1 Antennas 

Continuing the study of television 
methods and their economics, the receiv¬ 
ing end of the system will next be con¬ 
sidered. Ultra-high-frequency transmis¬ 
sion is accomplished by direct (line-of- 
sight) rays, by reflected rays (mirrored 
by the ground, lateral obstacles, or more 
remote structures), by diffracted or re¬ 
fracted rays, and by sky waves (which 
occasionally are reflected back from 
overhead to the ground over extended 
paths even on these very high fre¬ 
quencies). Desired reception is usually 
by means of the direct ray; and only 
the direct or reflected rays are of prac¬ 
tical importance in successful reception. 

Differences of opinion exist as to the 
more desirable plane of polarization of 
the wave for reception with lowest 
noise level. European opinion tends 
toward vertical polarization, but Ameri¬ 
can practice has favored horizontal 
polarization. Accordingly, in America 
antennas of the dipole or doublet type 
are placed with their length horizon¬ 
tally. 

As a broad guide, receiving antennas 
should be placed as high as possible, in 
the line of sight toward the transmitting 
station and with directivity toward that 
station, and as far back on the roof of 
a building as may be conveniently pos¬ 
sible and thus away and partly shielded 
from streets carrying heavy traffic, in 
order to minimize the reception of elec¬ 
trical disturbances originating in auto¬ 
mobile ignition systems. 


One novel factor in television recep¬ 
tion is the practical importance of avoid¬ 
ing video echoes. If a television sig¬ 
nal reaches the receiver over two paths 
having different lengths from the trans¬ 
mitter, there will be produced two 
images separated to an extent dependent 
upon the path difference. The modula¬ 
tion frequencies in television are so high 
that the echo effect can readily become 
noticeable. It can be shown that the 
horizontal displacement between the or¬ 
iginal picture and the echo picture, ex¬ 
pressed as the corresponding number 
of picture-element widths, is closely 
equal to the path difference in feet be¬ 
tween the two received wave trains 
divided by 125. The picture produced 
on a 12^' kinescope (assumed to be 7:5^^ 
by 10") has a picture-element width of 
about 0.017". It is clear that path dif¬ 
ferences of the order of several hundred 
feet will give noticeable doubling of the 
image, and that even smaller differences 
may detract from picture definition. 
Accordingly^ it is important in tele¬ 
vision installations that the antenna 
shall not respond to powerful reflected 
waves (or else only to them), and also 
that the antenna and its transmission line 
shall be so terminated as to avoid re¬ 
peated reflections in that part of the re¬ 
ceiving system. 

When trouble is experienced from 
television echoes in a particular instal¬ 
lation, a directional receiving antenna 
can somet mes be rotated so as to elim¬ 
inate either the reflected or the direct 
signal, selecting whichever may be 
most practical in that specific case. It 
is not unusual to find a reflected signal 
which is stronger than the direct signal 
and which should therefore be selected 
for reception, if possible. In determin¬ 
ing the most suitable receiving arrange¬ 
ments, a convenient test means is to 
mount a light doublet in portable fashion 
on the end of a long pole, and thus to 
determine experimentally the preferred 
location and orientation of the antenna. 
Sometimes improvements result if a 
second unloaded dipole is placed near 
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ALLEN B. DU MONT LABORATORIES, INC. 
PASSAIC NEW JERSEY 

CABLE AOCJRESS—V^ESPEXLIN. N£W YORK 


# Of the various pieces of transmitting 
equipment already developed by the 
DuMont engineering staff, none is at¬ 
tracting more attention than the DuMont 
Synchronous-Signal Generator — a truly 
outstanding technical achievement. 

This equipment provides satisfactory day- 
in-and-day-out operation without assist¬ 
ance of trained personnel. Its improved 
circuits, incorporating the most recent 
developments in communication engineer¬ 
ing practice, make it so stable that it may 
be turned on and off at will, and operated 
only when necessary. All components are 
operated well below rating, insuring 
trouble-proof operation for years to 
come. 

Type 203 Synchronizing-Signal Generator 
is representative of the complete DuMont 
line of television transmitting equipment 
for all purposes. 

SYNCHROMATiC TELEVISION SYSTEM 


Type 203 Synchronizing’-Signal Gen¬ 
erator furnishes outputs as follows: 
Horizontal and Vertical Bl 2 uiking 
Signals; Horizontal and Vertical 
Synchronizing Signals; Vertical 
Equalizing Pulses; Linear Hori¬ 
zontal Sweep Wave; Linear Vertical 
Sweep Wave; Special Sharp Verti¬ 
cal Synchronizing Pulses; and Spe¬ 
cial Horizontal Pulses. 


Ou Mcnt 

SYNCHRONIZINC- 

SICNAL 

GENERATORS 

really "sync! " 


the receiving dipole in order to reduce 
the effect of reflecting surfaces or to 
increase the reception of the direct 
wave. 

Reception is generally fairly simple at 
distances well within the service range, 
but becomes somewhat more of a prob¬ 
lem toward the boundaries of the service 
area where electrical noises may cause 
trouble. Where such difficulties are ex¬ 
perienced, an increase in the generated 
antenna signal voltage and greater 
directivity of the antenna system are de¬ 
sirable. One method of securing these 
results is to use long-wire antennas. 


There are practical limitations to this 
method. Thus, an antenna which is 8 
times as long as the simple dipole (that 
is, which is 4 wave-lengths long), pro¬ 
duces only about twice the signal ob¬ 
tained from the dipole, and further, it 
produces this full signal only from 
transmitters lying in four particular 
directions. When using such long an¬ 
tennas, it is sometimes requisite to damp 
the antenna either by a terminating re¬ 
sistor or otherwise in order to secure 
wide-band response and also to pre¬ 
vent excessive delay before the antenna 
currents reach a steady-state condition. 

The so-called “vee beam’^ antenna 
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consists of two straight arms, each of 
one wave length, which are mounted at 
an angle to each other. The center of 
the open angle should point toward the 
transmitting station, reception being 
best in that direction and least at right 
angles thereto. The receiving charac¬ 
teristic is bi-directional, and the direc¬ 
tivity is superior to that of a simple 
dipole. 

Another useful form is the diamond 
or rhombic antenna. This consists of 
4 arms, each of 1 wave length. The 
transmission line connects to one of the 
acute angles of the diamond, and a ter¬ 
minating impedance is inserted in the 
other acute angle (this impedance hav¬ 
ing a theoretical value of 700 ohms for 
the surge impedance, but giving satis¬ 
factory operation in practice for values 
in the range from 400 to 800 ohms). 
The rhombic antenna is mono-direc¬ 
tional and has the advantageous feature 
of acceptably receiving a 2.5-to-l fre¬ 
quency band. 

The double-doublet antenna, while 
less directional than the rhombic an¬ 
tenna, also covers a similar frequency 
range when provided with an appropri¬ 
ate transmission line. 

Practice in antenna installations has 
not been standardized. One recommen¬ 
dation has been to use a half-wave¬ 
length dipole for more distant locations. 
So far as economy in installation and 
minimum space requirements are con¬ 
cerned, the antennas range in the fol¬ 
lowing order ; simple dipole, vee-beam, 
double dipole, rhombic antenna. 

Near the transmitting station, ex¬ 
cessively powerful signals may overload 
the receiving set, producing, for exam¬ 
ple, cross modulation between the pic¬ 
ture and sound in the first receiving 
tube. When this readily recognizable 
effect occurs, it becomes necessary to 
reduce the signal voltages reaching this 
tube by the insertion of circuit resist¬ 
ance in such fashion as not to cause 
transmission-line impedance mismatch¬ 
ing and consequent reflection echoes. 

It is particularly necessary at points 
where weak signals are involved that 
directional antennas of considerable 
length shall be connected to the receiver 
through transmission lines with careful 
impedance matching since not only may 
echoes otherwise be received but re¬ 
flected waves in an improperly en¬ 
gineered system of this sort may even 
throw the receiver out of synchronism 
through reflected pulses. Receiving an¬ 
tennas for television tend more to be a 
''hand-tailored” job than for audio in¬ 
stallations. They also tend to favor re¬ 
ception from a single station and for a 
limited frequency band to a greater 
extent. These limitations are particu¬ 
larly troublesome in locations far re¬ 
moved from the transmitter or where 
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A television receiving antenna 
of Pye Ltd., at Middlesbrough, 
England. 


electrical disturbances are particularly 
heavy. Not only should the antenna be 
electrically efficient but it should also 
be sightly and resistant to the weather 
as well as unchanging in its electrical 
characteristics. It is usually entirely 
justifiable to spend more for antenna 
materials and installation in a television 
instance than for audio broadcasting. 
The electrical requirements are more 
stringent, and the receiving equipment 
more costly; accordingly it is poor 
economy to use low-efficiency television 
receiving antennas. 

G-2 Antenna Reflectors 

As mentioned above, reflectors back 
of an antenna will sometimes increase 
the signal strength and reduce static 
coming from other directions than the 
signal. This applies as well to direc¬ 
tional antenna systems. Static and elec¬ 
trical disturbances show themselves in 
various ways. Most disturbances (for 
example, those from automobile ignition 
systems) cause “spottiness,that is, 
transient white or black splotches gen¬ 
erally extending parallel to the scan¬ 
ning lines of the picture and irregularly 
distributed over the picture. At best 


they detract from entertainment value, 
and at worst they practically ruin pic¬ 
ture qual ity. The necessary signal 
strength to over-ride disturbances from 
automobile ignition systems has been 
stated to be at least 5 mv/m in city 
locations. When only more usual dis¬ 
turbances and those inherent in the re¬ 
ceiver are considered, a satisfactory pic¬ 
ture is stated to be obtained with a sig¬ 
nal strength of 1 mv/m. Suburban and 
rural signal strengths above 5-10 micro¬ 
volts/m have been said to be satisfac¬ 
tory, but such values represent a lower 
limit of service. 

Interference from diathermy general¬ 


ly appears as broad dark bands hori¬ 
zontally across the picture which may 
obliterate the picture altogether, or as 
“watered-silk” patterns which produce a 
peculiar shimmering or wavering of the 
picture. In either case, audience enjoy¬ 
ment is reduced or destroyed. In view 
of the relatively high power of dia¬ 
thermy outfits, and their frequent prox¬ 
imity to the television receiver, there 
seems to be no practicable solution for 
the elimination of such interference 
other ^than careful shielding (and even 
oscillator-frequency selection) of the 
diathermy outfit. Inherently the gen- 
(Contmued on page 35) 
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FUNDAMENTALS OF TELEVISION ENGINEERING 


or performance. A photograph of this 
tube is shown in Fig. 5, and a sectioned 
schematic diagram is shown in Fig. 6. 

Referring to Fig. 6, the image to be 
televised is focused upon the plane 
photo-electric cathode near the end of 
the tube. By virtue of the potential 
existing between the anode and this 
cathode, an electronic image is released 
from the opposite side of the cathode. 
With the aid of special focusing ar¬ 
rangements, the electronic image im¬ 
pinges upon the mosaic at the opposite 
end of the tube. The only major dif¬ 
ference between this mosaic and the one 
in the basic Iconoscope is that this one 
is not treated for photo-electric emis¬ 
sion. The electronic image hitting the 
mosaic knocks off secondary electrons 
from the globules. In this manner, the 
potential distribution corresponding to 
the image distribution of light and shade 
is set up over the face of the mosaic. 
The secondary electrons are carried off 
by the anode and leave a deficiency of 
electrons or a positive charge on each 
tiny condenser which each globule 
forms with the metallic backing plate. 
The value of these charges depend upon 
the number of secondary electrons 
given off, and this in turn depends upon 


(Contimied from page 20) 

the number of photo-electrons represent¬ 
ing that particular part of the electronic 
image. The electron gun and deflecting 
system scans the mosaic in the usual 
way, and the signal is taken off as in 
the ordinary Iconoscope. 

The advantages of this pick-up tube 
lie mainly in the fact that the sensitivity 
is increased to about ten times that of 
the old Iconoscope due to the fact that 
secondary emission is more effective 
than photo-emission in building up the 
charges on the mosaic. Another ad¬ 
vantage is that the photo-cathode is so 
close to the end of the tube. This allows 
the use of short focal length lenses, and, 
consequently, a large aperture optical 
system can be used. The spurious shad¬ 
ing signal generation effect is still pres¬ 
ent in this tube, though in at least some 
cases is slightly less severe. 

(To be continued) 
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INSULATION IN TELEVISION 


I T is at once recognized that the de¬ 
sign and construction of television 
receiving sets, as projected up-to-date, 
imposes new and higher standards of 
electrical insulation. 

The reasons underlying the necessity 
for such new standards become appar¬ 
ent upon even a casual consideration. 
One need only realize that in the tele¬ 
vision development, we have a piece of 
apparatus, to be placed in the hands of 
a curiously-minded public, carrying 
voltages of from ten to twenty times 
those of the ordinary radio receiving 
sets. What is perhaps even more im¬ 
portant in support of this broad consid¬ 
eration is the terrifically high step-up 
in frequencies to be handled in tele¬ 
vision sets; an increase of from one 
million cycles in radio to 50 million 
cycles in television. In dealing with 
such a frequency, it becomes at once 
evident that the minutest electrical 
energy loss is likely to be translated 
into a tangible loss of efficiency or pre¬ 
cision in the finally reflected image. Ac¬ 
cordingly, in the transmission specifi¬ 
cations, the absolute of “no loss” would 
become almost an essential stipulation. 
In accomplishing such an ultra elec¬ 
trical transmission and transformation 
requirement, insulation in its qualitative 


phase immediately becomes of primary 
and paramount importance. 

Aside from its energy-conservation 
purpose in television, there is another 
phase of practical application which 
projects the quality factor of electrical 
insulation to the forefront in television. 
Whereas in the ordinary radio receiving 
set the effect of stray currents eluding 
their conductors results in nothing more 
than an audible disturbance, or per¬ 
chance a short-circuit, readily remedied, 
a similar loss in a television set is likely 
to result in a corona effect so elusive 
as to reflect itself in a manner to de¬ 
stroy the pictorial precision so essential 
to ultimate successful imagery. Under 
such circumstances, the question of 
electrical insulation becomes a distinctly 
critical one, and must be approached as 
such. The designer, therefore, must be 
on guard constantly, to feel certain his 
specifications are not only exacting and 
precise, but, moreover, include a wider 
safety factor than one commonly con¬ 
sidered sufficient in regular radio work. 

It is deemed advisable to sound this 
cautionary note, so far as electrical in¬ 
sulation is concerned in a television 
setup. While because of design stand¬ 
ard specifications, the elimination of 
hum patterns, as the result of magnetic 


fields, is of remote concern so far as 
extra insulation is concerned, there is 
this to be said. The protection afforded 
by mechanical means and conventional 
forms of shielding, may create a sense 
of false security. From such an abstract 
point of view alone, to resort to addi¬ 
tional safeguarding in the electrical in¬ 
sulation phase, qualitatively as well as 
quantitatively, particularly as the cost 
factor is relatively so small when con¬ 
sidered over all, would seem a justifiable 
cautionary step. The single high-volt¬ 
age lead from the power pack is a case 
in point. Perhaps a lining adjunct to the 
critical shielding points would not be 
amiss in a television circuit, purely as 
an extra factor. Similarly to magnetic 
fields, leakage flux from the trans¬ 
former might form a hum pattern and 
as such must be guarded against. 

In a measure, the interlocking switch 
to be universally adopted for television 
sets, is only a primary safeguard. With 
this in mind, all phases should be sup¬ 
plemented in an electrically protective 
fashion, with as wide a safety factor as 
can be conceded practical. 

WILLIAM NAUMBURG, JR., 

William Brand & Co. 
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IMPEDANCE MEASUREMENTS 

{Continued from page 9) 

which cause error, however, are gen¬ 
erally self- and mutual-inductances, 
rather than capacitances. To illustrate 
the nature of the errors in a manner 
similar to that for the series-resonance 
methods, the conductance-variation cir¬ 
cuit can be chosen. It is shown sche¬ 
matically in Fig. 11. 

The two residual parameters shown, 
namely the mutual inductance. Mi, and 
self-inductance, L^, are chosen as illus¬ 
trative because they cause errors in the 
parallel-resonance methods that are 
similar to those caused by the residual 
capacitances, Ci, and C 2 , in the series- 
resonance methods. 

The mutual inductance, Mi, causes a 
component of voltage to be induced in 
the meter circuit. The voltage at the 
meter terminals is therefore different 
from that occurring across the rest of 
the measuring circuit and errors occurs 
if the simple theory, which is based on 
equal voltages, is used. The use of 
short leads and electromagnetic shield¬ 
ing ordinarily makes the error from this 
source small at broadcast frequencies. 

The inductance, L 2 , causes the effec¬ 
tive capacitance across which the un¬ 
known impedance is connected to be 
greater than the static capacitance be¬ 
cause of its resonating effect. This in¬ 
crease in apparent capacitance causes 
error in the determination of suscep- 
tance. As before a concrete example 
shows the nature of the error. 

Suppose that L 2 = 0.1 \ih and that the 
two settings of the sandard condenser 
with the unknown impedance, in and 
out of circuit are 950 mmfd and 900 
mmfd. The susceptance difference, as 
read from the condenser dial, is 

AB = 0)(950-900) X 10"^ = 

w X 10"^ X 50. 

The true susceptance difference is 

/ 950 X 10-^ 

A B = 0) ( -X 

\ 1 — 0 / L X 950 X 10"^^ 

. 900 X 10"^ \ 

1—(o^L X 900 X 10'^/ 
50 

= w X 10"^^ - 

1 — X 

0.1 X 10^ (950 + 
900) X 10-^ 
50 

= w X 10"^- at a fre- 

1 — 0.073 

quency of 1,000 kc, and the error caused 
by neglecting Ls is again about 7%. 

As in the case of the series-resonance 
methods, the effect of close coupling can 
be easily analyzed if the coupling does 
not affect the source frequency and if 
the source output impedance is essen¬ 


tially linear. According to a dual form 
of Thevenin's theorem, that part of the 
circuit to the left of the section B-B in 
Fig. 11 can be replaced by an equiva¬ 
lent circuit consisting of a constant cur¬ 
rent, Is/cjr equal to the short-circuit 
current at the section B-B in shunt 
with a constant impedance equal to that 
seen looking toward the high-frequency 
power source from the section B-B with 
all active voltages zero. Fig. 11 can 
therefore be redrawn as shown in Fig. 
12. 

If the coupling capacitance, Cc, is in¬ 
finitesimal, as assumed in the simple 
theory, the circuit conductance which is 
measured is simply the parallel conduc¬ 
tance of the measuring circuit. If the 
coupling is finite, a certain amount of 
conductance is coupled into the measur¬ 
ing circuit from the power source, and 
the circuit conductance measured in¬ 
cludes a component that can be ascribed 
to close coupling. As in the case of the 
series-resonance methods, however, if 
the assumptions of constant frequency 
and linear output impedance are satis¬ 
fied, and if the coupling is held constant, 
no error need arise from close coupling 
when an unknown impedance is meas¬ 
ured. If determinations of circuit con¬ 
ductance are made with the unknown 
impedance, in and out of circuit, the 
difference will be equal to the con¬ 
ductance of the unknown, and the dif¬ 
ference between the two resonant values 
of condenser susceptance will be equal 
to the susceptance of the unknown. 
Bridge Methods 

The major errors in bridge methods 
are caused by residual parameters, and 
it is in the methods of eliminating and 
compensating these unwanted compon¬ 
ents that the design of high-frequency 
bridges differs from that of low-fre¬ 
quency bridges. 

A brief description of the compensa¬ 
tion used in the General Radio Type 
516-C radio-frequency bridge serves to 
illustrate the nature of the residual para¬ 
meters. A circuit diagram is given in 
Fig. 13. 

In the lower left-hand bridge arm, 
the capacitance, Cno, and the inductance, 
Ln, are residual parameters. The re¬ 
sidual capacitance is the sum of the ca¬ 
pacitance to ground of one side of the 
standard condenser, Cn, and capaci¬ 
tances to ground of the output trans¬ 
former and upper left-hand bridge arm. 
The residual inductance occurs largely 
in the compensated decade resistor, Rn. 

Each of the residuals causes error if 
the unknown impedance is connected 
simply between the lower and the right- 
hand corners of the bridge with no 
compensating devices and the bridge is 
balanced as a direct impedance bridge. 
The errors caused by the residuals, how¬ 
ever, can De avoided by connecting in 


circuit the compensating coil, Lp, and 
the compensating condenser, Cpo- When 
Cpo = Cno and Lp = Ln, the bridge 
arms become identical at balance and 
no errors arise from the residual para¬ 
meters. 

{To he continued) 
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• • • 

RCA BULLETINS 

A number of new bulletins are now avail¬ 
able from the RCA Manufacturing Co., 
Inc., Camden, N. J. One bulletin deals 
with the RCA monitoring amplifier Type 
94-D, a second with the 76-B consolette 
speech-input system, while a third covers 
the 5-DX five-kilowatt broadcast trans¬ 
mitter. All three are available from the 
Broadcast Equipment Division of the above 
organization. 

Technical information and service data 
on the Model AVT-7B-1 aircraft trans¬ 
mitter may be secured from the Aviation 
Radio Section. A specification sheet on the 
303-A frequency-limit monitor can be ob¬ 
tained from the Engineering Products 
Division, 

• • • 

TELEVISION CAPACITORS 

Cornell-Dubilier engineers have released 
to the trade a series of capacitors that have 
been incorporated into the design of tele¬ 
vision receivers. Cornell-Dubilier engineers 
are supplying these capacitors to required 
specifications. This series has been tested 
in actual television receivers in the C-D 
laboratories, and are now in use in models 
being produced by the trade. Cornell- 
Dubilier Electric Corp., South Plainfield, 
N. J. —Communications. 

• • • 

POLICE GENEMOTOR 

Carter has placed on the market a new 
police type genemotor which incorporates a 
starting relay as an integral part of the 
unit. This genemotor is of the high-voltage 
type and designed for continuous service. 
It is ready to connect to the transmitter and 
needs no adjustments. As a safety factor 
oil condensers of the high-voltage type are 
used. The Carter Motor Co., 1608 Milwau¬ 
kee Ave., Chicago, Ill. —Communications. 
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MOTION PICTURE FILM 



(Continued from page 17) 

sists of a pattern of parallel black lines 
separated by equal white spaces. There¬ 
fore each “line'^ in the resolving power 
test corresponds to two lines in the tele¬ 
vision scanning pattern. 

The “circle of confusion” of a lens^ 
such as is used for photography or for 
projecting a picture, is the image, 
always somewhat imperfect, of a point 
of the subject as produced by the lens in 
the plane on which the image is fo¬ 
cused. Stating the diameter of the circle 
of confusion of a lens is like stating the 
diameter of the spot produced by the 
electron beam where it strikes the 
fluorescent screen in the television re¬ 
ceiver. In order to determine whether 
the definition is good or bad we need 
also to know in the one case the focal 
length of the lens and in the other 
case the size of the screen on which 
the picture is being formed. 

The resolving powers of the films at 
present available for 16-mm picture pho¬ 
tography lie in the range from 40 lines 
per millimeter to 60 lines per millimeter. 
The newest films combine high speed 
with fine-grain structure and resolving 
powers of the order of 50 lines per milli¬ 
meter, a value that was formerly consid¬ 
ered high. The trend of film research 
is toward steadily improving resolving 
power. 

The height of the standard 16-mm 
projector aperture is 7.21 millimeters. 
A little arithmetic shows, then, that a 
frame of 16-mm film having a resolving 
power of 40 lines per millimeter is ca¬ 
pable of showing 288 separate lines in 
the height of the picture, which is equiva¬ 
lent to the detail of a 576-line television 
image. A similar frame of a film having 
a resolving power of 50 lines per milli¬ 
meter is capable of recording detail 
corresponding to a 721-line television 
image, while a frame of film having a 
resolving power of 60 lines per milli¬ 
meter is capable of recording detail 
corresponding to an 865-line television 
image. Therefore, as far as the detail 
rendering power of the photographic 
emulsion is concerned, 16-mm films are 
more than adequate for 441-line televi¬ 
sion. 

Other factors which limit the fineness 
of definition obtained in a motion pic¬ 
ture besides the imperfections of the im¬ 
ages introduced by the taking and pro¬ 
jection lenses, are inaccuracies of regis¬ 
tration and poor contact in printing, and 
unsteadiness of the pull-down mechan¬ 
isms in the camera and projector. All 
of these deteriorating influences are cu¬ 
mulative. In ordinary 16-mm motion- 
picture photography, carried on without 
special precautions, the accumulated 
blurring of the image generally amounts 


to as much as a thousandth of an inch, 
or 1/284 of the height of the picture. 
This is obviously not good enough for 
the highest quality television, though it 
is probably as good as the images being 
broadcast at the present time. 

Fortunately it; is by no means impos¬ 
sible to retain a higher standard of defi¬ 
nition in 16-mm films. Modern high¬ 
speed camera lenses of one and two-inch 
focal lengths used at their maximum 
apertures give circles of confusion about 
a thousandth of an inch in diameter, but 
when these lenses are partly stopped 
down, the excellent corrections which 
made the high speeds possible result in 
the formation of images having detail 
finer than the film can record. For 
example, one well known lens of maxi¬ 
mum aperture fl.4 gives a circle of con¬ 
fusion smaller than .00025 inch when 
used at apertures in the range from 
f2.8 to f5.6. These apertures-give ample 
speed for photography under average 
studio lighting. Therefore the first step 
in producing 16-mm films of high defi¬ 
nition is to use high-speed, well-cor¬ 
rected camera lenses, and keep them 
always stopped down to at least two 
stops below their maximum openings. 
Naturally focusing must be accurate. 

In order to obtain the highest degree 
of steadiness in the taking of the picture, 
the camera should be equipped with a 
registration pin which enters one of the 
sprocket holes of the film and holds it 
in a definite location during the ex¬ 
posure. With this refinement the film 
can be located within about .0002 inch 
of its proper place for each exposure. 
Amateur 16-mm cameras are not 
equipped with registration pins on ac¬ 
count of the cost, since the pin and its 
actuating mechanism must be very accu¬ 
rately made if it is to accomplish its pur¬ 
pose. 

If the printer used to make duplicates 
from a film photographed with the pre¬ 
cautions above described is of the step 
type and also has a registration pin op¬ 
erating in the same sprocket hole as 
was used to locate the picture frame in 
the camera, accuracy or inaccuracy of 
film perforation in the original film 
does not affect the steadiness of the pic¬ 
ture in the print. If, however, as is 
often the case, the registration pin in 
the printer is not at the same distance 
from the picture aperture as the pin 
in the camera, so that the registration 
of the film for the printing of a given 
picture frame is determined by a dif¬ 
ferent sprocket hole, it becomes neces¬ 
sary to have the perforations spaced 
very accurately if the picture is to be 
free from “jump.” Fortunately most of 
the 16-mm film now on the market is 
perforated with an accuracy of .0002 
inch or better, though the writer has 
examined specimens in which some of 
the holes were misplaced as much as 


.001 inch. It may be found necessary 
to make special tests for perforation 
accuracy on film that is to be used for 
television subjects. 

Film types commonly used today for 
making prints have resolving powers 
(as previously defined) of 80 lines 
per millimeter or better. For the sake 
of improved sound track performance, 
however, it is likely that prints for tele¬ 
vision broadcasting will be made on 
special film stocks of very much finer 
grain than those now in general use. 
These films have much higher resolving 
power, of the order of 200 lines per 
millimeter. In either case the resolving 
power of the stock used for making the 
print is so much higher than that of 
the stock used for the original that 
there is very little loss of sharpness in 
printing, provided proper mechanical 
care is taken to insure good contact 
and registration of the two films. 

With proper attention to the refine¬ 
ments enumerated above, a standard of 
definition corresponding to a resolving 
power of forty lines per millimeter, or 
better, can be maintained through to the 
16-mm print. As has been shown, this 
provides more detail than can be trans¬ 
mitted by a 441-line television system. 

Film weave, or side motion of the pic¬ 
ture on the sereen, commonly results 
from inaccurate slitting of the film, re¬ 
sulting in variations of width. Weave 
appears most objectionably when the 
film is guided by one edge in the camera 
and by the opposite edge in the printer 
or projector. This defect can be re¬ 
duced to a negligible amount by proper 
design of the side guiding mechanism 
throughout the system, even when using 
inaccurately cut film, but it is possible 
today to obtain film in which the width 
is maintained so accurately that no 
trouble is experienced even on machin.es 
which guide incorrectly. It may be men¬ 
tioned in passing that standard specifica¬ 
tions for the edge guiding of 16-mm 
sound films were published by the So¬ 
ciety of Motion Picture Engineers in 
1934, but have been disregarded by cer¬ 
tain manufacturers. It is to be hoped 
that engineers who have occasion to de¬ 
sign film handling apparatus for tele¬ 
vision purposes will make themselves 
acquainted wdth the standards of this 
Society, and adhere to them as far as 
possible in the equipment they produce. 

Assuming that films have been photo¬ 
graphed in a camera having pin regis¬ 
tration, and printed in a step printer 
which also registers the films by a pin 
operating in the same relation to the 
picture aperture as the pin in the 
camera, any “jump,” or vertical motion 
of the final picture on the screen is at¬ 
tributable either to perforation inac¬ 
curacy in the stock used for the final 
(Continued on page 30) 
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DE FOREST DAY 

N honor of Dr. Lee de Forest’s outstand¬ 
ing contributions to the science of radio 
and the “World of Tomorrow” tribute 
will be paid him at the New York World’s 
Fair 1939 on Friday, September 22nd, 
1939. The day will be known as de Forest 
Day and an appropriate program will be 
arranged culminating in a Jubilee Dinner 
Friday evening either at one of the novel 
restaurants at the Fair or at one of the 
more prominent hotels in New York. Again 
we urge all interested organizations to 
communicate with us in this connection 
so that a truly worthy tribute may result. 
Dinner tickets will be available as soon as 
a place is decided upon and the price 
determined. Your inquiry is cordially so¬ 
licited. 

SCHOLARSHIP 

The Marconi Memorial Scholarship in 
Radio Engineering at RCA Institutes to be 
given by our Association will be presented 
in conjunction with our activity at the 
World’s Fair. The winner will be selected 
by the American Institute of Science 
from among participants in their many 
science activities. The American Insti¬ 
tute has an elaborate exhibt in conjunc¬ 
tion with the Westinghouse exhibit at the 
Fair. A cordial reception is assured all 
visiting the exhibit. 

AT THE FAIR 

Among our members at the Fair are 
Geo. P. Smith, Jr., Executive in the Con¬ 
cessions department of the Fair; George 
Clark, Past President and Director of the 
RCA Exhibit; Arthur Lynch, Managing 
Director of the World’s Fair Radio Club 
and Oscar Oehman, Operator-in-Charge at 
W2USA—the amateur station at the Fair. 
When you visit the Fair—and you’re 
missing an opportunity of a lifetime if you 


don’t—look any or all of them up ; they’ll 
be glad to see you. Make it in Septem¬ 
ber, if you can, in order to be there on 
de Forest Day. 

HONOLULU 

Included in an interesting letter from 
W. Dietz, retiring Secretary of the Hono¬ 
lulu Chapter, are some details of their 
cruise on the 11th of February. 

“The Honolulu Surfboard, Grass Skirt, 
Hula-Hula Chapter of the Veteran Wire¬ 
less Operators Association celebrated the 
14th Annual Cruise with a barbecue steak 
dinner at the residence of George Street, 
Chairman. If there is anything for which 
George Street is more noted than his bar¬ 
becue steak it may well be his vegetable 
salad. 

“Altogether there were representatives 
from the majority of the commercial com¬ 
munication companies of the islands and 
a goodly representation from the United 
States Navy. 

“After the inner man was fed the meet¬ 
ing was called to order and Street gave 
a short talk on the ideals and purposes of 
our Association. The meeting was then 
open to general business and the election 
of officers for the ensuing year. A motion 
was made and seconded that Chairman 
Street be declared re-elected, which motion 
was carried unanimously. H. F. McIntosh 
of Mackay Radio was elected Secretary. 

“Among those present were: J. A. Al- 
verson, Territorial Radio Inspector; F. T. 
Bowen, CRM, USN, Wailupe; W. E. 
Chadwick, Press Wireless; Mr. Daigle, 
CRM, USAT Henderson; W. W. Dietz, 
RCAC; H. E. Flowers, USN ; Otto Horn¬ 
ing; Ernest P. Lewis, CRM, USN, 
Wailupe; Frank J. Murray, CRM, USN, 
Wailupe; H. F. McIntosh, Mackay Radio; 
A. W. Nelson, Press Wireless ; S. B. Mad- 
dams, Mackay Radio; Geo. Richardson, 


Globe Wireless; George Street, RCAC; 
Robert M. Wood, USN, Wailupe; Mr. 
Watford, CRM, USAT Henderson and 
others. 

“A photograph of some of the group 
is enclosed. 

“A list of new members together with 
renewals and the money to cover is en¬ 
closed. 

“Before saying 30 and before I turn the 
business over to Mr. McIntosh I want to 
wish you and the VWOA a bang-up 1939, 
to McGonigle and all our friends 73. 
Signed: W. Dietz, Sec’y.” 

A fine job, Mr. Dietz. Be assured of 
our sincere appreciation of your coopera¬ 
tion in the past and our best wishes to 
Messrs. Street and McIntosh for success 
in the coming year. 

CANADA 

An interesting excerpt from a recent let¬ 
ter from D. R. P. Coats, Public Relations 
Manager of CKY, one of the larger Cana¬ 
dian Radio Broadcasting stations. He 
writes: “For my part, I value my mem¬ 
bership in the VWOA very highly. 
Through publication of my name in Com¬ 
munications I have renewed friendships 
with a number of old friends. Only a day 
or two ago I received a letter from G. 
Tyler, ex-wireless operator of the Teu¬ 
tonic and various other ships. . He_ is now 
in the Marconi Company’s offices in Lon¬ 
don. Tyler studied beside me at the Brit¬ 
ish School of Telegraphy, London, in 1911. 
He saw my name in Communications 
and wondered if I might be the man he 
knew so many years ago. I could mention 
several other instances in which I have thus 
been put in contact with old friends through 
the VWOA section in Comm unication s. 
The magazine itself is well worth the price 
of membership, but the VWOA page,^ for 
the reason I have stated, is priceless.” 

PERSONALS 

AN OLD TIMER, Mr. Carl E. Braun, ex- 
Chief Radio Man, 1917, on the U.S.S. 
South Dakota, writes from Oregon City, 
Oregon. Mr. Braun is now Vice-Presi¬ 
dent of the Hawley Pulp and Paper Com¬ 
pany, Oregon City. 

ANYONE looking for G. G. Greene can 
catch up with him by hanging around P. O. 
Box A&, East Hampton, N. Y. 

MEMBERSHIP 

In order to retain your standing in the 
Association we earnestly request you to 
send in the necessary amount to bring you 
up to date. If in doubt as to your status, 
a post card to the secretary will bring the 
required data. Your cooperation in this 
matter will further the progress of our 
Association and materially reduce the work 
of the secretary. Please let us hear from 
you soon ii\ou haven’t received your 1939 
card yet. Thank you. 


Honolulu gathering, left to right: Richardson, Street, Wood, 
McIntosh, Nelson. Murray, Alverson, Lewis, Maddams, Bowen, 
Watford, Flowers, Daigle, Dietz. 
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PRESTO ANNOUNCES THEIR NEW 8-A 
COMMERCIAL RECORDING TURNTABLE 



WITH 15 ORIGIHAL AND IMPROVED OPERATIHG FEATURES 


1» Rim driven turntable, originated by 
Presto, now adopted by every manufac¬ 
turer of instantaneous recording equipment. 
2- Cam lever lowers cutting head gently, 
prevents damage to sapphire needles. 

3. Thumbscrew rapidly adjusts angle of 
needle while cutting. 

4. Forty-power microscope for examin¬ 
ing cut. 

5. Spiralling feed screw makes starting and 
run-out grooves. 

6. Lever engages cutter carriage with feed 
screw. 


Mounting dimensions of the 
new Presto 8-A recorder are 
the same as the Presto 6-C 
and 6-D portable recorders. 
A liberal trade-in allowance 
will be made to radio stations 
and studios that wish to bring 
their recording facilities up to 
date. In writing give type and 
serial number of your present 
turntables. 


PRESTO 


7- Combination speed change and motor 
switch lever prevents flats on idler wheels. 

8 . Four-sided, rotating scale shows record¬ 
ing time at 96, 112, 120 and 140 lines per 
inch at 78 and 333^ RPM. 

9. Flangeless drive permits quick removal 
of shavings. 

10- Improved high fidelity cutter records 
uniformly a frequency range from 40 to 
8,000 cycles and gives 4 db higher play¬ 
back level. 

11. New, vibrationless motor. 


12- Shockproof mountings suppress vibra¬ 
tion from outside sources. 

13. Vertical damper suppresses transient 
modulation, eliminates flutter, prevents 
patterns due to vibration or surface irregu¬ 
larity in discs. 

14. Sixty-pound cast iron base assures per¬ 
manent alignment of turntable and cutting 
mechanism. 

15. Automatic equalizer assures full fre¬ 
quency response range throughout 33)4 
RPM recordings. 



RECORDING CORPORATION 242 West 55th Street, New York, N. Y. 
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... but Speed and Skill Prevail against Size! 



Like the little Mongoose . . . quick, positive action comes in small packages. Relays fay 
Guardian compact -fast—-positive in action—are more than a match lor bulky mechanical meth¬ 
ods or large electrical controls in the highly competitive field ol modern product design. 

Improve your mechanism , . . make it more responsive, 
less costly, less power-consuming, more salable with Relays 
by Guardian. 

Small compact stepping switches—solenoids—time delay, 
muting and holding relays^—singly—or in combination with 
discs, metal housings, brackets and special parts are com- 
plelely designed, uniformly fabricated and thoroughly tested 
by Guardian . . . quickly dispatched to your production 
assembly lines. 


Style 150 AC Relay 


ANY QUANTITY AS YOU WANT THEM 
—WHEN YOU WANT THEM 

IVrite for Catalog Relays by Guardian — Today! 



1623 W. WALNUT STREET CHICAGO. ILLINOIS 



Frequency Measuring Service 


Many stations find this exact measuring service . . . 

of great value for routine observation of trans- FST 

mitter performance and for accurately calibrat- 
ing their own monitors. 

MEASUREMENTS WHEN YOU NEED THEM MOST 

at any hour every day in the year 

R.C.A. COMMUNICATIONS, Inc. 

Commercial Dept, 

A RADIO CORPORATION OF AMERICA SERVICE 

66 BROAD STREET NEW YORK, N. Y. 


FLUORESCENT MATERIALS 

in all colors of the spectrum 
for 

TELEVISION APPLICATION 


All colors possess high light intensity 
and give clear cut images. The particles 
are the right size for uniform coating 
and are not harmed by heat treatment. 
We also have available a wide range 
of specially compounded colors which 


are prepared for specific requirements. 

In addition to fluorescent materials, we 
oflfer tungstates and silicates in vari¬ 
ous colors for cathode ray tube appli¬ 
cation. 


L 


Your znquiries are cordially invited. 


Pfaltz & Bauer, Inc. 

EMPIRE STATE BUILDING. NEW YORK 
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FILMS IN TELEVISION 

{Contimied from page 27) 

print or to inaccuracies in the projec¬ 
tion machine or scanner. Jump due 
to perforation inaccuracies may be ex¬ 
pected to be of the order of 1/10 per 
cent or less of the picture height, which 
is well under half the width of a scan¬ 
ning line. Jump due to the scanning 
machine mechanism can be kept to the 
same order of magnitude as that in the 
camera by proper design and accurate 
workmanship. This accurate workman¬ 
ship can readily be justified in the case 
of a television scanner, which does not 
have to be sold at the low price of the 
usual 16-mm projector. 

It may be seen from the facts as out¬ 
lined above that the requirements of pic¬ 
ture detail and steadiness in 441-line 
television can be met with 16-mm film 
provided certain refinements are pro¬ 
vided in the equipment used for taking, 
printing, and projecting the films. These 
refinements do not add appreciably to 
the difficulty of operating this equip¬ 
ment, and therefore the writer considers 
them practical. 

The next article of the series will 
take up requirements of sound track. 

{To he contimied) 

• • • 

MOLDED CABINETS 

{Continued from page 15) 

different problem, but one which can be 
satisfactorily worked out by the mold 
engineers if given the opportunity by 
the manufacturer. 

Engineers experienced in plastics 
have created certain standards which as¬ 
sure uniformity of production and which 
guard against loss by breakage, distor¬ 
tion, etc. However, where the radio 
manufacturer is not entirely sure of his 
design it is sometimes advantageous to 
make a preliminary one impression mold 
from which, if additional impressions 
are desired, duplicates of the original 
impression can be made at a consider¬ 
able saving over the cost of the first 
impression. Modern machine cutting 
equipment eliminates time and inac¬ 
curacy by using duplicates and original 
templets. 

In the development of any radio case 
or cabinet the same general funda¬ 
mentals may obtain, but at the same 
time each design will have certain 
problems perculiar to itself alone and 
these have to be worked out carefully 
in order to get satisfactory results. If 
the manufacturer of radios will keep 
this in mind and remember to bring liis 
problems to the molder before definitely 
deciding on final design, he will be able 
to make use of the specific knowledge 
obtained from experience by the raw 
material manufacturers, the mold de¬ 
signer and the moJderT engineering 
staff. 
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• You never will know how tough and lasting a power 
resistor can be until you have tried these CLAROSTAT 
units. They are really new —and different. Give them 
your most trying tests. Overload them. Compare them 
point by point with other types. Only by so doing will 
you learn for yourself why leading builders of trans¬ 
mitters, television synchronous generators, oscillo¬ 
graphs, oscillators, power supplies and other equipment 
that must not fail, are now standardizing on these 
easily recognized green resistors. 
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COMMUNICATIONS 


• Television 

• Facsimile 

• Voice 

Dependable, constant supply voltage 
is the first step to better, more reliable 
performance of communications 
equipment. 

Sola Constant Voltage Transformers offer: 

Automatic and instantaneous voltage 
regulation. No moving parts, nothing to 
adjust or lubricate. 

Low harmonic content in output voltage 
wave. 

High power factor, high over-all efficiency. 

Regulation at any load up to full rated 
value. 

No strong magnetic-leakage fields. 
Unlimited flexibility of design. 

Can be operated in parallel, or cascaded 
for extremely precise regulation. 



Write for BULLETIN SM-22 

SOLA ELECTRIC COMPANY 

2525 Clybourn Avenue 
Chicago, Illinois 

SOLA 


Constant Voltage 
TRANSFORMERS 

AIR COOLED INDUSTRIAL TRANSFORMERS-INSULATEO and AUTO TYPES 
LOW VOLTAGE SIGNAL iind CONTROL TRANSFORMERS 
FLUORESCENT LAMP REACTORS MERCURY VAPOR LAMP TRANSFORMERS 
LUMINOUS TUBE TRANSFORMERS OIL BURNER IGNITION TRANSFORMERS 
FILAMENT end HIGH VOLTAGE X-RAY TRANSFORMERS 
HIGH VOLTAGE BOMBARDING TRANSFORMERS 
DC-CONTROLLED REACTORS DOOR-BELL and CHIME TRANSFORMERS 


CONTROL NETWORKS 

{Continued from page 13) 

gain of 2.5 times. ' At 50 cycles, this is 
equal to a rise of 7.5 times. Conse¬ 
quently, by substituting quantities in ex¬ 
pression (8), and without needlessly re¬ 
peating the processes results in 



- 

Dial or 'Sp' Jeive/ 
PILOT LIGHT ASSEMBLIES 


C = .1775 mfd 

= .2 mfd (nearest standard value) 

and, 

ti. = 6.6, and a gain of 2.28 or 7.2 db. 

Since the ear cannot discriminate be- 
.tween transitions of 1.5 db, the value 
7.2 is satisfactory in that the pre-calcu- 
lated figure was 8 decibels. 

It is instructive to note that all the 
calculations have been considerably 
simplified for commercial purposes. 
Should all the minor variations been 
computed into the network systems, it 
would have resulted in high intricate 
design formula having little practical 
value. In general, the expressions used 
in the configuration designs are suffi¬ 
ciently accurate for all standard appli¬ 
cations. 

INCREASING TREBLE RESPONSE 

The arrangement of the components 
figured in a network for high-frequency 
emphasis is diagrammatically pictured in 
Fig. 3. The amplification ratio at any 
high audible frequency E 2 /E 1 is secured 
from the simple relation 


A WIDE RANGE OF 
STYLES AND SIZES 
TO MEET EVERY 
REQUIREMENT 

Regardless of the type o 
pilot light assembly yoi 
need, we can supply ii 
better, quicker, and at lov 
cost. As the world's largest 
exclusive manufacturer, a large 
variety of standard units are 
available. If an assembly of 
special design is needed, our 
experienced engineers will be 
quick to develop the unit best 
suited to give dependable per¬ 
formance. 

Every detail of Drake Dial and 
Jewel Pilot Light Assemblies 
measures up fully to our rigid 
high standards of quality. Each 
unit is made with utmost pre¬ 
cision, on modern high speed 
equipment. Thorough inspection 
with electrical devices, insures 
perfect uniformity. Don’t take 
chances. Specify DRAKE. You’ll 
be highly pleased with the serv¬ 
ice and cooperation you’ll get. 

Write for 
FREE CATALOG 


DRAKE MANUFACTURING CO. 

1713 W. HUBBARD ST. • CHICAGO, U.S.A. 


WHEN YOU CHANCE 



VR" -t- f X L=“ 

E,/E, = -: . - ..(9) 

V(R-H R')'-H f X L= 

The value of the inductance L for 
maximum treble definition at 10,000 
cycles (a frequency easily attained by 
the wide-range electrical transcriptions 
played via the amplifier) is formulated 
from: 

{Conttinted on page 34) 


YOUR ADDRESS 

Be sure to notify the Subscription 
Department of COMMUNICATIONS 
at 19 E. Forty-seventh St., New York 
City, giving the old as well as the new 
address, and do this at least four weeks 
in advance. The Post Office Department 
does not forward magazines unless you 
pay additional postage, and we cannot 
duplicate copies mailed to the old 
address. We ask your cooperation. 



'"gw. P M Speakers 


Lansing Permanent Magnet Speakers are made with 
the same care and attention to detail that has made 
the Lansing name a “buy-word’ ’in the sound-repro¬ 
duction field. Lansing PM Speakers deliver a full 
volume of natural tone over an unusually long tone 
range. Speech reproduction is clear and crisp. 
Mechanical construction is heavy and rugged. Elec¬ 
trically, they possess 
Model 7813 PM Speaker plenty of reserve power- 

handling capacity over 
their rating. Acoustically, they will delight and 
please the most critical hearer. 

Write for Bulletin giving sizes and new low prices 
on PM and Replacement Speakers. 






MANUFACTURING CO. 

6900 McKlNLEY AVENUE 
LOS ANGELES. CAUFORNIA 
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Visit Our 

NEW PLANT . . . 

Over 433,000 sq. ft. of floor space 
available for production of con¬ 
densers of all types. Huge build¬ 
ings owned outright by AERO- 
VOX, for permanency of elaborate 
installation. 

In addition to the equipment of 
the former Brooklyn plant, much 
new equipment has been in¬ 
stalled. A scientific layout from 
raw material stock to the ship¬ 
ping room. 

Thoroughly trained personnel 
under supervision of veteran en¬ 
gineers, superintendents, fore¬ 
men and other key men. 

See for yourself this gigantic 
plant in action. A warm welcome 
awaits you. 



•A.A.E.* costs you nothing. Yet it can save you many thousands 
of dollars in production costs and still more in breakdown in¬ 
surance. AEROVOX engineers are constantly rendering such 
service to radio-set, sound-system and other manufacturers. 
Which explains in large measure why AEROVOX-equipped 
assemblies score outstanding performance records despite sur¬ 
prisingly low cost. 

* Aerovox Application Ens^neering. 

Submit that Problem 

Our engineers will gladly survey and study your condenser 
requirements. Specifications, samples, quotations, cheerfully 
submitted to responsible parties. Meanwhile, be sure our cata¬ 
log is included in your working library. Copy on request. 



AEROVOX CORPORATION 

MaH. 



Sales Offices in All Principal Cities 
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CONTROL NETWORKS 




c. V\<* 

♦Ate'S’ ^\Vv' 


lisS* 


Callite engineers for de 
^ tailed information on fluoresceni 

^ materials, lead-in wires and con- 

tact points. 


f*Af 1 I*P1* PRODUCTS 
bMlflbllu DIVISION 

EISLER ELECTRIC CORP. • 542 39 Ih ST. • UNION CITY, N. J. 



NEW CRYSTAL PICKUP 


ioning, Bakelite 
Cartridge Assembly, latest Torque 
Crystal Element, Ebonite water¬ 
proof crystal coating, massive Die- 
Cast Arm and other improved 
features. 


MODEL AB-8 offe rs more advanced design 
features than ever before combined In a single 
pickup unit at a simjlarly low price. True.st 
tone reproducing qualities. Ultra modern In 
design and finishes. List Price $10.00. 


Pioneer Manufacturers of 
Quality Crystal Devices 


ASTATIC MICROPHONE LABORATORY, INC 
YOUNGSTOWN, OHIO 


Licensed Under Brush 
Development Co. Patents 



^^300^^ SERIES 

A COMPLETE NEW LINE OF 
SMALL PLUCS-SOCKETS 

2 CONTACTS TO 33 CONTACTS 

PLUGS WITH CAPS ^ PLUGS WITH BRACKETS 
SOCKETS WITH CAPS ^ SOCKETS WITH BRACKETS 

Ask for Bulletin 300 

HOWARD B. JONES 

2300 WABANSIA AVENUE, CHICAGO. ILLINOIS 


{Continued from page 32) 


4 


(R + R')= X 
670 


—R'‘ 


L = 


f X 


670 


..( 10 ) 


Inserting values in the above expression 
for a [Jt of 20 and 7.5 respectively: 


V' 


(7500 —60,000)" X 20" 


■ 7500" 


670 


L = ■ 


1 _ 

670 


= 1.3 henry at 100 cps for a pt of 20mai. 
— 7.5 henry at 10,000 cps for a p. of 
7 - 5 in I n. 

In calculating the values for decreas¬ 
ing the bass response from the normal 
flat frequency operating curve, it is of 
interest to note that in Fig. 4, resistors 
R and R' have no appreciable effect on 
the network equilibrium provided R 3 is 
of a greater magnitude than R. By con¬ 
sidering such factors only values Ca and 
R 3 need be taken into account. 

The decrement of any frequency from 
the normal flat frequency response curve 
is computed from the equation: 


1 


Freq.r.itio = ■ 


...( 11 ) 


1 + 


f X C/ xRs= 


The ratio between the frequencies of 
the middle and lower registers can be 
easily compared by denoting the letter 
K in the following formula to have a 
ratio value, hence 


1 


K"=c 1 — 


f" X (C/ X R/) 


.( 12 ) 


where 


1 

(CaXR3)= -.(13) 

f xVp.' —1 

In designing the attenuating net¬ 
works, the decremental steps should 
closely approximate that of the gain but 
in a negative direction. Hence K 
equals 6.3 and 2.5 at 50 cps, hence 

C 2 X R 3 = .000512 for 6.3 
= .001385 for 2.5 


Assuming R^ to be 250,000 ohms, the 
capacities for the two ranges 

6.3 = .00204 or .002 mfd. 

2.5 = .00554 or .005 mfd. 


For muting the treble register another 
set of expressions are used in reference 
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IMPORTANT 

JULY 

COMMUNICATIONS 

will cover the 

HATIONAL 

ASSOCIATION 

of 

BROADCASTERS 

ANNUAL 

CONVENTION 

• 

AMBASSADOR HOTEL 
ATLANTIC CITY, N. J. 

• 

July 10th-13th 

Hundreds of engineers and 
executives, representing the 
great majority of broadcast 
stations in the United States, 
will attend this important 
meeting. 

Be certain that your sales 
message reaches them in 
July COMMUNICATIONS 
—the technical journal of 
the broadcast and television 
industry. 

FORMS CLOSE JULY 1st 


to Fig. 5. The decremental steps are re¬ 
lated to the gain and are also in the 
negative direction. 

The diniinishmlenl of ^ny high fre¬ 
quency from the .normal flat frequency 
response curve is computed from the 
equation : 

■ ■ ■ 1 

Freq.r.tio = - — (14) 

VI + X C/ X R/ 

wherej 

R X R' 

R. =- 

R+ R' 

7500 X 60,000 

=-= 6660 ohms 

7500 — 60,000 

And from expression (12), K equals 
6.9 and 2.28 at 10,000 cps for the maxi¬ 
mum and minimum attenuating steps, 
hence | 

VK^ 

C 3 X Rx = . .(15) 

f 

and the capacities C 3 for the two nega¬ 
tive gain ranges will be 

6.9 = .00163 mfd or .015 mfd 
2.28 = .00491 mfd or .005 mfd 

The insertion of the preceding net¬ 
work designs in a circuit for multiple 
control are shown in Fig. 6 . The two- 
gang five-point switches are connected 
in tandem; only two two-gang switches 
are required. The mid-tap setting on 
both controls isolates the definitive cir¬ 
cuits from affecting the normal flat fre¬ 
quency response curve of the amplifier. 

.• 

TELEVISION ECONOMICS 

{Continued from page 23) 

eral acceptance and economic success of 
television thus becomes largely depend¬ 
ent upon the shielding of automobile 
ignition systems and diathermy outfits. 
Since television will be established and 
grow in individual districts, the problem 
of handling such interference sources 
on a nation-wide scale, and in a fashion 
which is fair to all concerned, presents 
some troublesome angles. 

Desirable and preferable as self-regu¬ 
lation would be for the gradual elimina¬ 
tion of such interference, its failure 
might well lead to legislative enactments 
having the same aim. Some indication 
that such a trend is possible is found 
in a European country where official 
bodies are developing rules for the elim¬ 
ination of interference resulting from 
such sources as mentioned above. It is 
planned to place these rules before the 
local Government for later possible em¬ 
bodiment in the form of law. 

The disturbance effect on the picture 
of relatively near lightning will depend 
partly on the severity of the storm, the 
{Continued on page 36) 


LINGO RADIATORS 


are giving outstanding 


PERFORMANCE RESULTS 



An unmatched stability record 



for 42 years . . . 

Upon our vast experience in 
constructing and erecting ver¬ 
tical structures rests the amaz¬ 
ing record of Lingo stability. 
There can be no better ac¬ 
knowledgment of Lingo’s de¬ 
sign and construction, than 
the fact that Lingo Vertical 
Tubular Steel Radiators have 
maintained an unequalled 
record of stormproof stability. 

In the Florida hurricanes of 
1926 and 1928 Lingo tubular 
structures safely withstood 
tropical gales up to 125 m.p.h. 
This record is important to 
you. Perhaps your station is 
not in the hurricane zone—but 
you are subject to seasonal and 
unexpected storms, wherever 
you are. Constructed of seam¬ 
less copper-bearing steel tubes, 
Lingo Vertical Radiators are 
erected by us to withstand the 
worst the elements have to 
offer . . . and experience proves 
they DO ! 

Write for Folder 

Complete technical data, per- 
formance and cost charts, to¬ 
gether with photos oj actual 
installations. With request 
please include location, power 
and frequency oj station. 


JOHN E. LINGO & SON, INC. 


Dept. C-6 Camden, N. J. 
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WITH 

Jumbo Cleaner 


BLOW • VACUUM • SPRAY 


GOOD 

A WIDE RANGE microphone of | 
greater output. A rugged, sensi¬ 
tive Instrument of simple beauty 
to grace any sound set-up. 5^- 
MODBL D3—wifh cable . 

SOUTH BEND MICROPHONE CO. 

1720 Mishawaka Avenue 
South Bend ... Indiana 


SOUTH BEND 

DYNAMIC 


REALLY 


The Ideal Jurabo Cleaner ends the rule of accumu¬ 
lated dust and dirt that interferes with operation of 
delicate machinery and, communication equipment. 
3-ln-l Cleaner —Blows or Vacuums dirt and dust from 
even the most inaccessible places. Sprays paint, in¬ 
secticides, etc. 

Powerful —Full 1 H.P. Universal motor. Blows high 
velocity, low pressure air stream at 24,200 ft. per 
minute. 

Portable—Weighs only 14 pounds. Can be used 
wherever a light socket is available. 

Efficient—Blows dry air—reduces corrosion and rot¬ 
ting of Insulation. 

Ideal Jumbo Cleaner is keeping many broadcasting 
and communication offices clean, reducing maintenance 
and repair costs and preventing inefficient operation 
of equipment. It’s inexpensive too! 


Ask for Free Trial Demonstration 


Electrical Products Division 

IDEAL COMMUTATOR DRESSER CO. 

1062 Park Avenue Sycamore, Illinois 


TELEVISION ECONOMICS 

{Continued from page 35) 
number of discharges during a unit 
time, the distance of the storm, the sig¬ 
nal carrier frequency and band width, 
the signal modulation method, the sig¬ 
nal strength and requisite receiver gain, 
the picture brightness, and the response 
characteristic (linearity) of the kine¬ 
scope. A quantitative statement relative 
to such effects is not now available; 
qualitatively it may be said that for 
brief and infrequent periods each year 
some visible lightning interference with 
average-strength signals sent by present 
methods will be noticed. 

H. RECEPTION TRANSMISSION LINES 

In view of the ultra-high frequencies 
and correspondingly ultra-short wave 
lengths used for television, and consid¬ 
ering the necessary separation between 
the receiving antenna and the receiving 
set, a transmission line becomes neces¬ 
sary, Such a transmission line should 
be weather-proof in the outside run, 
sightly, capable of convenient conceal¬ 
ment indoors (for example, behind or 
above picture molding or under carpets 
or in like locations), and should cause 
minimum loss of signal voltage or dis¬ 
tortion of signal over its length. 

The simplest form of transmission 
line is a twisted pair of insulated con¬ 
ductors. The rubber-insulated type of 
twisted pair causes a loss of signal 
strength of approximately 1.5-2 db per 
wave length at 50 me. For lengths up 
to 40 or 50 feet, this is usually accept¬ 
able. For longer runs, open-wire lines 
or coaxial cable may,be used, and such 
transmission lines are desirable as well 
toward the outer portions of the service 
area where signal losses in the trans¬ 
mission line may noticeably detract 
from service. The open-wire lines 
(consisting of 2 wires 1-2 inches apart) 
show the diminished loss of about 0.1 
db per wave length. From the instal¬ 
lation viewpoint, they present greater 
difficulty. 

The transmission line and its termina¬ 
tions at the antenna and receiver re¬ 
quire matching. The twisted-pair lines 
show a low impedance whereas the 
open-wire lines show a higher imped¬ 
ance. Fortunately, rough impedance 
matching of the transmission lines is 
fairly satisfactory. Thus if the reso¬ 
nant impedance of a simple doublet an¬ 
tenna has a theoretical value of 72 ohms, 
little difficulty is experienced if trans¬ 
mission lines presenting an impedance 
up to say 130 ohms are connected to 
such an antenna. 

If marked unbalance exists in a trans¬ 
mission line, considerable signal voltage 
may be picked up in the line itself with 
a resulting reduction in picture quality. 
Transmission-line construction is of 
greater relative importance in video 



^ Convenience, gra- 
eibus service and 
qdiei luxury dls* 
Hnguisli this world famous 
hotel. Here an aitmosphere 
of true refinement is enjoyed 
by the most discriminating. 


Uiider.thfe some management os 
rtieififefnGtionally famow Gotham, 
hieW York City; Drake, Chicago; 
and Town House, Los Angeles. 


A.S.KiRk£av 

ManagTni) 


Tha.6lachstone 

MICHIGAN AVENUE 


CHICAGO 


than in audio installations, and it pays 
to do a thorough job in this part of the 
television system even at somewhat in¬ 
creased cost. 

In urban locations, the suitable an¬ 
tenna location may be within a restrict¬ 
ed area, and space for transmission lines 
may be limited. In large apartment, 
office, and institutional buildings and the 
like, it may be most convenient and 
economical to distribute television sig¬ 
nals throughout the building by means 
of a centralized system. Such distribu¬ 
tion may be at radio frequencies, using 
one or a group of antennas and am¬ 
plifiers to feed the transmission lines, 
{Continued on page 38) 
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• Bliley High Frequency Quartz Crystal Units are 
designed to provide accurate dependable frequency 
control under the adverse operating conditions en¬ 
countered with mobile and portable transmitters. Both 
the rugged type M02 holder and the compact M(>3 
temperature controlled mounting are widely employed 
for U.H.F. services where reliability counts. Catalog 
G-10 contains complete information on these and other 
Bliley Crystal Units for frequencies from 20kc to 30mc. 

Write for your copy. 


BLILEY ELECTRIC COMPANY 

UNION STATION BUILDING ERIE, PA. 


"P/NCOR 

EnXfZnje. 

POIUER PintlTS 




•5^ V 




V 


#i 


m 


Electricity for Farms . . . Homes 

^‘GOLD CROWN*’—HEAVY DUTY POWER PUANT. Avail¬ 
able as follows: 32 or 110 volts D.C., also 110 and 220 volts 
A.C., 600, 1000, 1500 watts and up. Electric starting, air or 
water cooled. 

“BLUE DIAMOND"—COMBINATION A.C.—D.C. POWER 
PLANT. All New "2-in-l'’ electric plant supplying 300 watts. 

110 volts A.C. 60 cycles; also 200 watts, 6 volts D.C.; 250 
watts, 12 volts D.C. or 325 watts, 32 volts D.C. Electric 
starting. 

VISIT BOOTH NO. 210 AT THE CHICAGO TRADE SHOW 


I ■ 

I PIONEER GEN-E-MOTOR CORPORATION | 

I Dept. R-5F, 466 W. Superior Street, Chicago, III. | 

I Plrase send mo litorature, price sheets and other Information about the New i 
■ "PINCOR" GOLD CROWN and BLUE DIAMOND Power Plants. , 


City . State. 


Quartz Crystals 


Piezo-Elecfric quartz blanks suitable for 
grinding to commercial frequencies. 

Rough and semi-finished blanks to 
meet any commercial tolerances. 

Quartz cut to any specifications. 

Prices and information upon request. 

C. C. HUNT and SONS 


CARLISLE 


PENNSYLVANIA 




We manufacture a complete line of equipment ^ 

Spot Welders, electrle, from Va to 500 KVA; 

Transformers, speelal and standard typos; Incandes- j 
cent Lamp Manufacturing Equipment; Radio Tubes, 

Ex-Ray, Cathode Ray, Photo Cells, Electronic 
Equipment Vacuum Pumps, etc. Tungsten Slugs, i 
Rod and Wire Manufacturing Equipment; General 
Glass Working Machines and Burners; Cotlege 
Glass Working Units for students and laboratory; ^ 

Photo-Flash Lamp Equipment; Neon Sign Manu¬ 
facturing Equipment; Thermos Bottle Equipment; 

Wire Butt Welders. CHAS. EISLER, Pres. t 

EISLER ENGINEERING COMPANY 

73f-75V So, 13th St. (Near Avon Ave.) Newark, New Jemey. 


R. F. and I. F. COILS 

TEXTILE COVERED AND LITZ WIRE 
TRIMMER AND PADDER CONDENSERS 

Write for literature—submit specifications. 

E. I. CUTHMAN & CO., INC 


AMPEREX 

CARBON ANODE 

TWINSMITTING TOTES 



AMP 


400 SO. PEORIA STREET 


CHICAGO, ILL. 


ELECTRONIC PRODUCTS, Inc. 

79 WASHINGTON ST., BROOKLYN, N, Y. 
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WAXES 


AND 

COMPOUNDS 

FOR 

INSULATION and WATERPROOFING 

of ELECTRICAL and RADIO 
COMPONENTS 


such as transformers, coils, 
power packs, pot heads, sockets, 
wiring devices, wet and dry bat¬ 
teries, etc. Also WAX SATU¬ 
RATORS for braided wire and 
tape and WAXES for radio 
parts. The facilities of our 
laboratories are at your disposal 
to help solve your problems. 


MILLS, Inc. 


120-26th ST., BROOKLYN, N. Y. 


CURRENT PRICES 
EFFECTIVE ONLY 
UNTIL 

AUGUST 1, 1939 
on the new 

DAY E N 
TYPE 910 
VOLUME 
LEVEL 
INDICATORS 

as advertised on page 
35, Communications, 
April, 1939 issue 

♦ 

THE DAVEN CO. 

158 SUMMIT STREET 
NEWARK, NEW JERSEY 


TELEVISION ECONOMICS 

(Continued from page 36) 
and with suitable output (or receiver¬ 
coupling) circuits throughout the build¬ 
ing. Alternatively, several specific pro¬ 
grams may be selected and distributed 
at video frequencies. The former meth¬ 
od requires that each user shall have 
a complete television receiver but ul¬ 
timately provides full freedom of choice 
of program to the user. The latter 
method enables the use of slightly less 
elaborate terminal equipment for each 
user, may however somewhat restrict 
his extent of choice of programs, and 
has the advantage of transmitting lower 
frequencies throughout the building with 
diminished line losses in a properly 
engineered installation. Nevertheless, 
such a system requires great care to 
avoid frequency or phase distortion, as 
well as internal electrical echoes. Up 
to the present, centralized television in¬ 
stallations have not been developed to 
the point where definite conclusions can 
be drawn as to the most economical and 
desirable form of installation. In part 
this may depend upon the number of 
available programs in a given vicinity, 
the separation of their respective car¬ 
rier frequencies, the number of indi¬ 
vidual outlet stations in the building, 
and the average, minimum, and maxi¬ 
mum building runs. 

• • • 


AMINATIONS 

for Output TRANSFORMERS 
a of Highest Permeability 



HENRY HUTCHINS TO NATIONAL UNION 

On leave of absence from four-year 
Vice-Presidency of Western Advertising 
Agency’s Chicago Office, Henry Hutchins 
has returned to National Union to direct 
its selling program. It was back in 1930 
that Henry was first appointed Sales 
Manager of N. U., guiding its policies dur¬ 
ing the formative years of radio parts busi¬ 
ness until 1935. 

JOHNSON PURCHASE 

The E. J. Johnson Co., Waseca, Minn., 
have just completed the purchase of the 
entire Centralab business pertaining to the 
manufacture and sale of socket contacts. 
This is said to include the complete equip¬ 
ment, inventory, good will and patent 
rights. 

CALLITE APPOINTMENTS 

Mr. J. Kurtz, Treasurer and General 
Sales Manager of the Callite Products 
Division, Eisler Electric Corporation, will 
personally supervise activities of both the 
engineering and manufacturing depart¬ 
ments. Mr. H. M. Lusk has been elevated 
to the position of assistant to Mr. J. 
Kurtz. 

CUSHWAY TO WEBSTER-CHICAGO 

This year’s Radio Parts Show will find 
Charlie Cushway, veteran sales executive, 
greeting his friends from the booth of the 
Webster Company, Chicago manufacturer 
of sound systems and record-playing equip¬ 
ment. Mr. Cushway was formerly with 
Thordarson. 


REMCO MOVES 

Radio Engineering & Manufacturing- 
Company, manufacuturers of “Remco” 
portable electrical transcription equipment, 
for five years located at 26 Journal Square, 
Jersey City, N. J., have moved to their new 
and enlarged plant at 58 West 25th Street, 
New York City. Complete information 
covering their transcription, playback and 
other portable equipment may be obtained 
by writing to them. 


BENWOOD LINZE ACQUISITION 

Effective April 1, 1939, The Benwood 
Linze Company, St. Louis, Mo., became the 
domestic and export sales agents for The 
B-L Electric Manufacturing Company of 
St. Louis, Mo. No changes in officers, per¬ 
sonnel, or corporate structure were made. 
Coincident with the arrangement by which 
The Benwood Linze Company handles the 
sales of B-L Electrical Products, this com¬ 
pany acquired the interests of the Brenkert 
Light Projection Company in the manufac¬ 
ture of rectifier equipment. 


DUMONT APPOINTMENTS 

With the expansion of activities from 
cathode-ray tubes, oscillographs and allied 
equipment, to include television receivers, 
studio and transmitting equipment, the 
Allen B. DuMont Labs., Inc., of Passaic, 
N. J., have advanced Leonard F. Cramer 
to the post of General Sales Manager. G. 
Robert Mezger assists Len Cramer in the 
handling of industrial sales. 
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TOPHET" Resistance Wire 
is to the Electric Heating 
Appliance what the Trylon- 
Perisphere is to the World’s 
Fair. 


Visit our exhibit at the 
. World’s Fa ir, in 

the Metals Build- 
1 ing opposite 

/ the Trylon. 


WILBUR B. DRIVER CO. 

NEWARK, NEW JERSEY 


NOW! CREI Men 
in more than— 



Free! 

New illustrated book¬ 
let, Tested Plan 
for a Future in Prac¬ 
tical Radio Engineer¬ 
ing and Television.” 
Write for your copy! 


275 Radio Stations 

—is proof that 
CREI training pays! 

Chief engineers want men who possess mod¬ 
ern technical training. The fact that more 
than 275 broadcasting stations employ one 
or more CREI students or graduates is evi¬ 
dence of the opportunities that await the 
CREI trained man. Just ask “any engineer” 
what he thinks of CREI Practical Radio 
Engineering courses—and you’ll be convinced 
that we have the very thing you need to 
get ahead in radio. We’d like to send you 
details. 

CAPITOL RADIO 

ENGINEERING INSTITUTE 

DEPT. CO-G 

3224 16th St.. N.W.. Washington. D.C. 


FOR better PERFORMANCE . 
A better HEADPHONE 






DEVICES 


BRUSH MODEL A-1 

This exceptional Brush (Model 
A-1) headset will meet with 
approval among your most demanding 
customers, in fields of broadcasting, re¬ 
cording, speech correction and sound re¬ 
search work. It car¬ 
ries positive assur¬ 
ance of faithful, high 
fidelity, wide range 
response and light 
weight. Response of 
the Model A-1 is 50 
to 12,000 c.p.s. You’ll 
find it easy meeting 
the strictest specifi¬ 
cations with these 
fine BRUSH headphones. 

LIST PRICE . $27.50 

• Model-BJ Headset—A popular communications 
type headset, lightweight aluminum case, molded rub¬ 
ber ear-pieces, single cord for convenience. 

LIST PRICE . $12.00 



THE BRUSH DEVELOPMENT CO. 


3317 PERKINS AVENUE, CLEVELAND, OHIO 
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QUALITY 



Gardiner Rosin Core Solder provides a quick acting Oux of pure water white 
rosin—no solvent added. Permits faster, elcaner work by expert or amateur. 
Unequalled for high tensile strength, uniformity and economy. Costs leas than 
even ordinary solders because produced in volume by the most modern methods 
'riiere is a Gardiner quality product for every soldering need ... In various alloys 
and core sizes ... in gauges as small as 1/S2" ... in 1, 5 and 20-lb. spools. 

Eastern Sales Office and Warehouse; 

DAVID M. KASSON & CO., 401 Broadway, New York 



4819 S. Campbell Avenue, Chicago, Ill. 



lEZO Electric Crystals Exclusively 

• Quality crystals for all practical frequencies sup¬ 
plied SINCE 1925. Prices quoted upon receipt 
of your specifications. 

Our Pledge: QUALITY FIRST 

SCIENTIFIC RADIO SERVICE 


UNIVERSITY PARK 


HYATTSVILLE, MD. 


DESIGN-DEVELOPMENT-CONSTRUCTION 

of 

VACUUM TUBES AND ELECTRONIC DEVICES 

Tubes built to specifications. Coils and other 
components sealed in hermetical cans and bulbs. 

VACUTRON, in:. 

20 West 22nd Street New York, N. Y. 



No compensating adjustments while 
the condenser “warms up’^ when a 
Lapp gas-filled unit is on the job. 
Also: practically zero loss, small 
space requirement, puncture-proof. 
Available in wide range of sizes 
for replacement in existing circuits. 
Write for descriptive literature. 
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New High RmpErage 


TAP SWITCHES 



10 , ^ 0 , 40 and 7S Ampere Models 


* Siiver-to-Silver Contact 

* Compact, All-Enclosed 

* Ceramic Construction 
*Many^ Contacts 

* Low-Contact Resistance 

* Self-Cleaning Contacts 
*High Current Ratings 
^ Back-of-Panel Mounting 

* Slow-Break' Action for 
Alternating Current 


New Ohmite development In switch 
design greatly improves and simpli¬ 
fies high current circuit switching. 
For never before have so many high 
current taps been so compactly ar¬ 
ranged yet perfectly insulated. 

These new Ohmite Tap Switches 
are high amperage, load-break, multi¬ 
point, rotary selectors particularly 
designed for alternating current. 

They are the answer to circuit 
switching requirements for battery 
chargers, x-ray and diathermy equip¬ 
ment, tapped transformers, radio 
transmitters, facsimile apparatus, 
motor controls, and many other 
applications. 

Available in 4 models (Nos. 212, 312, 
412, 608) from 2*4'" to 6” diameter, 

from 10 amp. to 75 amp., conservatively 
rated for A.C. non-inductive circuit. 
Easily connected in tandem assemblies. 

}Vrite for DATA SHEET 114, 

BOOTH 825, NATIONAL RA- 
DIO PARTS TRADE SHOW 

OHMITE MANUFACTURING CO. 
4870 Flournoy St., Chicago, U. S. A. 


©BtI^IIT 

RHEOSTATS RESISTORS TAP SWITCHES 
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UNI-DIRECTIONAL 
PICK-UP FIELD 

compensator up 


By moving up the Acoustic 
Compensator, you change 
the Amperite Velocity Mic¬ 
rophone to dYnamic oper¬ 
ation— without peaks. At 
the some time you reduce 
the back pickup, making 
the microphone practi¬ 
cally UM-DIRECTIONAL. 

With the Acoustic Com¬ 
pensator down, the micro¬ 
phone is BI-DIRECTIONAL 
... 120 degrees front and 
back without frequency 
discrimination. Rotating 
the microphone until it 
parallels the ceiling makes 
microphone NON- DIRECTIONAL. 



piCK-uF* Field 
COMPENSATOR DOWN 


the 


THE ACOUSTIC COMPENSATOR 


regular feature of these models: RBHk (hi- 
imp); RBMk (200 ohms) LIST $42.00. RSHk 
(hi-imp); RBSk (200 ohms) LIST $32.00 

W/iTe foi Complete Illustrated Bulletins and 
Valuable Sales Helps. 

AifDPDf'T'F BROADWAY, N. Y. 

/n A7 PtifKl TE {0, Cable Addi«a; AUcem, N«w York 


AMPBRITE.^^V^^ 

MICROPHONES 


MAINTAIN Motor Efficiency 
WITHOUT Costly “Shutdowns”! 

There’s no trick to using IDEAL Motor 
Maintenance Tools! They keep all sizes and 
types of motors in condition to deliver PEAK 
performance. 





Precision Grinders— 

restore smooth sur¬ 
face to neglected 
Commutators or Rings. Mounts on motor 
frame, and motor turns over under its own 
power. 


Ideal Resurf acers— 

smooth up Commu¬ 
tators and Rings. 
A type- and size for 
every job. 



Ideal “Universal” 

Power Mica Under¬ 
cutter —Use the “Uni¬ 
versal” once and 
you’ll throw away the 
hack saw blades and 
slotting files 1 You’ll 
discover how easy un¬ 
dercutting can bet 
For use on large or 
small motor commutators without removing 
brush rigging. For field and shop use. 


Commutator Saws and Milling Cutters —made 
of special No. 1 high-speed steel. Cut faster, 
usually outlast ordinary saws four to one. 
Available in all popular sizes. 


Ask for Free Trial Demonstration 


Industrial Products Division 

IDEAL COMMUTATOR DRESSER CO. 

1062 Park Avenue, Sycamore, Illinois 
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FOR OBTAINING RECEIVER CHARACTERISTICS 





STJ^NDAflD aidNAL OENERATOR 
GENERAL RADIO 00 


POWER OUPPLt 

7¥K«)9^ ki:iWU.Ha.lT« 

OESERAL RAGIO QO^ 

«Ali»lll«iK MAMiUU. 


HICmOVOLTV 


OCTCfmAL H0& 


With the G-R Type 605-B Standard-Signal Generator 
you can make the following basic receiver char¬ 
acteristic measurements very simply and quickly: 

• SENSITIVITY 

• SELECTIVITY 

• DISTORTION 

• TUNING RANGE 

• TUNING CALIBRATION 

• FREQUENCY RESPONSE 

• INTERFERENCE 

• OUTPUT 

• AVC CHARACTERISTIC 

• AFC CHARACTERISTIC 

* WRITE FOR BULLETIN 434 


Many of the design characteristics of the Type 
605-B Generator are exclusive. All features of this 
moderately-priced instrument combine to make it 
the best signal generator available for obtaining 
essential facts about your receiver. PRICE, $415.00. 


FEATURES 

DIRECT-READING CARRIER RANGE: 9.5 Ic to 30 Me 
EXTRA CARRIER RANGE: 30 to 60 Me, with calibration curve 
LOGARITHMIC FREQUENCY DIAL: with newly designed slow- 
motion, smooth acting Incremental dial reading to 0.02% for 
selectivity measurements 

OUTPUT CONTINUOUSLY ADJUSTABLE: 0.5 uv to 0.1 v 
SEPARATE 1-VOLT OUTPUT JACK 
MODULATION CONTINUOUSLY ADJUSTABLE to 80% 
INTERNAL MODULATION: 400 cycles ±5% 

EXTERNAL MODULATION: flat from 30 cycles to 15 Icc 
NEGLIGIBLE FREQUENCY MODULATION 
NO ATTENTUATOR REACTION ON FREQUENCY 
EXCELLENT SHIELDING 

A-C OPERATION with built-in voltage regulator 


MASSACHUSETTS 
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